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ANTITHROMBOTIC AGENTS 

This application claims the benefit of U.S. Provisional 
5 Application No. 60/050,881, filed June 26, 1997. 

This invention relates to antithrombotic heterocycles 
which demonstrate activity as inhibitors of factor Xa and, 
accordingly, which are useful anticoagulants in mammals. In 
particular it relates to heterocycles having high 

10 anticoagulant activity, and antithrombotic activity. Thus, 
this invention relates to new inhibitors of factor Xa, 
pharmaceutical compositions containing the compounds as 
active ingredients, and the use of the compounds as 
anticoagulants for prophylaxis and treatment of 

15 thromboembolic disorders such as venous thrombosis, 

pulmonary embolism, arterial thrombosis , in particular 
myocardial ischemia, myocardial infarction and cerebral 
thrombosis, general hypercoagulable states and local 
hypercoagulable states, such as following angioplasty and 

20 coronary bypass operations, and generalized tissue injury as 
it relates to the inflammatory process. In addition, the 
antithrombotic agents are useful as anticoagulants in in 
vitro applications. 

The process of blood coagulation, thrombosis, is 

25 triggered by a complex proteolytic cascade leading to the 
formation of thrombin. Thrombin proteolytically removes 
activation peptides from the Act-chains and the BP-chains of 
fibrinogen, which is soluble in blood plasma, initiating 
insoluble fibrin formation. The formation of thrombin from 

30 prothrombin is catalyzed by factor Xa. 
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Anticoagulation currently is achieved by the 
administration of heparins and coumarins. Parenteral 
pharmacological control of coagulation and thrombosis is 
based on inhibition of thrombin through the use of heparins. 
5 Heparins act indirectly on thrombin by accelerating the 
inhibitory effect of endogenous antithrombin III (the main 
physiological inhibitor of thrombin) . Because antithrombin 
III levels vary in plasma and because clot-bound thrombin 
seems resistant to this indirect mechanism, heparins can be 

10 an ineffective treatment. Because coagulation assays are 
believed to be associated with efficacy and with safety, 
heparin levels must be monitored with coagulation assays 
(particularly the activated partial thromboplastin time 
(APTT) assay) . Coumarins impede the generation of thrombin 

15 by blocking the posttranslational gamma-carbbxylation in the 
synthesis of prothrombin and other proteins of this type. 
Because of their mechanism of action, the effect of 
coumarins can only develop slowly, 6-24 hours after 
administration. Further, they are not selective 

20 anticoagulants. Coumarins also require monitoring with 

coagulation assays (particularly the prothrombin time (PT) 
assay) . 

Recently, interest has grown in small synthetic 
molecules which demonstrate potent direct inhibition of 

25 thrombin and factor Xa. See, Jeremy J. Edmunds and Stephen 
T. Rapundalo (Annette M. Doherty, Section Editor) , Annual 
Reports in Medicinal Chemistry , (1996), 31, 51-60. 

Although the heparins and coumarins are effective 
anticoagulants, no commercial drug has yet emerged from the 

30 small synthetic molecules; and despite the continuing 

promise for this class of compounds, there still exists a 
need for anticoagulants which act selectively on factor Xa 
or thrombin, and which, independent of antithrombin III, 
exert inhibitory action shortly after administration, 
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preferably by an oral route, and do not interfere with lysis 
of blood clots, as required to maintain homeostasis. 

The present invention is directed to the discovery that 
the compounds of the present invention, as defined below, 
are potent inhibitors of factor Xa which may have high 
bioavailability following oral administration. 

According to the invention there is provided a method 
of inhibiting factor Xa comprising using an effective amount 
of a factor Xa inhibiting compound of formula I 

wherein 

A 3 , A 4 , A 5 and A 6 , together with the two carbons to 
which they are attached, complete a substituted 
heteroaromatic ring in which 

(a) one of A 3 , A 4 , A 5 and A 6 is N, and each of the others 
is CR 3 , CR 4 , CR 5 or CR 6 , respectively; 

(b) two adjacent residues of A 3 , A 4 , A 5 and A 6 together 
form S, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 
respectively; 

(c) two non-adjacent residues of A 3 , A 4 , A 5 and A 6 are each 
N, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 
respectively; or 

(d) A 3 and A 4 together form a fused benz ring, and A 5 and 
A 6 together form -NH-; 

wherein 

each of R 3 , R 4 , R 5 and R 6 is hydrogen, or one or two of 
R 3 , R 4 , r5 and R 6 is independently chloro, bromo or methyl 
and the others are hydrogen; 

L 1 is -NH-CO- or -CO-NH- such that -lA-Q 1 is -NH-CO-Q 1 

or -co-sjk-qI; 
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Q 1 is phenyl, 2-furanyl, 2-thienyl, 4-thiazolyl, 
2-pyridyl, 2-naphthyl, 1, 2-dihydrobenzofuran-5-yl, 
l,2-dihydrobenzofuran-6-yl or 1, 2-benzisoxazol-6-yl in which 
the phenyl may bear a 2-fluoro substituent or may bear one, 
two or three substituents at the 3-, 4- or S-position(s) 
independently selected from halo, cyano, carbamoyl, 
aminomethyl, methyl, methoxy, dif luoromethoxy, 
hydroxymethyl , formyl, vinyl, amino, hydroxy and 
3,4-methylenedioxy, the 2-furanyl or 2-thienyl may bear a 
chloro or methyl substituent at the 5-position, the 
4-thiazolyl may bear an amino substituent at the 2-position, 
the 2-pyridyl may bear an amino substituent at the 
6-position, and the l,2-benzisoxazol-6-yl may bear a chloro 
or methyl substituent at the 3 -position; or -CO-Q 1 is 
cyclopentenylcarbonyl or cyclohexenylcarbonyl; 

R2 is -L2A-Q2A, - L 2B. Q 2 B/ _ L 2C_ Q 2C or . l 2D.q2D wher ein 

L 2A is a direct bond; and 

Q 2A is 




in which D is carbonyl or -CHR k - in which R k is hydrogen, 
hydroxy, (l-6C)alkoxy or -CH 2 -R3 in which R3 is carboxy, 
[ (l-4C)alkoxy]carbonyl or carbamoyl which may bear one or 
two (l-2C)alkyl substituents on the nitrogen; and one of R m 
and R n is hydrogen and the other is amino, bromo, 
(l-4C)alkyl or (1-4C) alkoxy, or R m and R n together form a 
benz ring; 

L 2B is -NH-C0-, -0-CO-, -CH 2 -0- or -0-CH 2 - such that 
- L 2B_ Q 2B is -NH-CO-Q2B, _ 0 _ C0 _ q2B# - C H 2 -0-q2B or - 0 -CH 2 -q2B. 
and 
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Q2B i s 




in which R° is hydrogen, . halo, (l-6C)alkyl, (1-4C) alkoxy, 
benzyloxy or (1-4C) alkyl thio; and RP is 1- hydroxy ethyl, 
1 -hydroxy- 1 -me thy 1 ethyl , 1 -me thoxy- 1 -me thy 1 e thy 1 , 
4-piperidinyl, 4-pyridinyl, dimethylaminosulf onyl or -J-R<3 
in which J is a single bond, methylene, carbonyl, oxo, 
-S(0) g - (wherein q is 0, 1 or 2), or -NR r - (wherein R r is 
hydrogen or methyl); and RS is (1-6C) alkyl, phenyl, 

3- pyridyl or 4-pyridyl; 

L 2C is -NRV-CO-X-, -NR V -CS-Y-, -CH 2 -CO-NR w -CH 2 -, 
-0-CO-, -0-CH 2 -, -S-CH 2 - or -CH 2 -NR X -CH 2 - such that -L 2 C-q2C 
is -NR v -CO-X-Q2C t -NRV-CS-Y-Q2C / -CH 2 -CO-NR w -CH 2 -q2C, 
-O-CO-Q 2 ^, -0-CH 2 -Q 2C , -S-CH 2 -q2C or -CH 2 -NR*-CH 2 -Q 2 C 
which X is -(CH 2 ) X - (wherein x is 0, 1 or 2), -NR W -, 
-NR W -CH 2 -, -0-, -0-CH 2 - or -S-CH 2 -; Y is -NR W -CH 2 - or 
-0-CH 2 -; each of R v and R w is independently hydrogen, benzyl 
or (1-6C) alkyl which is not branched at the a-position; and 
R x is hydrogen, benzyloxycarbonyl or [ (1-4C) alkoxy] carbonyl; 
and 

Q2C i s l-(4-pyridyl)piperidin-4-yl, 1- (4-pyridyl) - 
piperidin-3-yl or 1- (4-pyridyl ) pyrrol idin-3-yl in which the 
pyridyl may bear a substituent at its 2 -position selected 
from cyano, aminomethyl, carboxy, hydroxymethyl and 
( 1-2C) alkyl; 

L2D is -NH-CO- such that -l 2d -Q 2 D i s -NH-CO-Q2D. ^3 
Q 2D is selected from 4- (4-pyridinyl) benzyloxy, 9-oxo- 
9H-fluoren-3-yl, benzo [b] thiophen-2-yl (which may bear a 
chloro, methyl or me thoxy substituent) , benzofuran-2-yl 
(which may bear a chloro, methyl or methoxy substituent), 

4- (4-morpholinyl)-4-oxobutyl, and 4-piperidinyl or 
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3 # 4-didehydropiperidin-4-yl (either one bearing a 
substituent at the 1-position selected from methylsulfonyl, 
phenyl sulfonyl , ( 1-5C ) alkyl , ( 4-7C) cycloalkyl , tetrahydro- 
pyran-4-yl, 4-thiacyclohexyl and -CH2-R 2 in which R z is 
5 isopropyl, cyclopropyl, phenyl, furyl, thienyl, 2-thiazolyl, 
or pyridyl in which the phenyl may bear one or two 
substituents independently selected from halo, cyano, 
hydroxy, methoxy, acetoxy, benzyloxy, amino, acetylamino, 
nitro and 3 , 4-methylenedioxy, and the thienyl or furyl may 
10 bear a methyl or nitro substituent) ; 

or a prodrug of the compound of formula I; 
or a pharmaceutical^ acceptable salt of the compound 
of formula I or prodrug thereof. 

A particular factor Xa inhibiting compound of formula I 
15 is one wherein 

A 3 , a 4 , A 5 and A 6 , together with the two carbons to 
which they are attached, complete a substituted 
heteroaromatic ring in which 

(a) one of A 3 , A 4 , a5 and A 6 is N, and each of the others 
20 is CR 3 , CR 4 , CR 5 or CR 6 , respectively; 

(b) two adjacent residues of A 3 , A 4 , A 5 and A 6 together 
form S, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 
respectively; 

(c) two non-adjacent residues of A 3 , A 4 , A 5 and A 6 are each 
25 N, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 

respectively; or 

(d) A 3 and A 4 together form a fused benz ring, and A 5 and 
A 6 together form -NH- ; 

wherein 

30 each of R 3 , R 4 , r5 and R 6 is hydrogen, or one or two of 

R 3 , R 4 , R5 and R 6 is independently chloro, bromo or methyl 
and the others are hydrogen; 

L 1 is -NH-CO- or -CO-NH- such that -L 1 -Q 1 is -NH-CO-Q 1 
or -CO-NH-Q 1 /' 
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Q 1 is phenyl, 2-thienyl, 4-thiazolyl, 2-pyridyl, 
2-naphthyl or 1, 2-benzisoxazol-6-yl in which the phenyl may 
bear one, two or three substituents at the 3-, 4- or 
S-position(s) independently selected from halo, cyano, 
5 carbamoyl, aminomethyl, methyl, methoxy, hydroxymethyl, 
formyl, vinyl, amino, hydroxy and 3 , 4-methylenedioxy, the 
2-thienyl may bear a chloro or methyl substituent at the 
5-position, the 4-thiazolyl may bear an amino substituent at 
the 2-position, the 2-pyridyl may bear an amino substituent 
10 at the 6-position, and the 1, 2-benzisoxazol-6-yl may bear a 
chloro or methyl substituent at the 3 -position; 

R 2 is - L 2A_ Q 2A / - L 2B« Q 2B / - L 2C_ Q 2C or - L 2D_ Q 2D wherein 

L 2A is a direct bond; and 
Q2A is 



15 




in which D is carbonyl or -CHR k - in which R k is hydrogen, 
hydroxy, (l-6C)alkoxy or -CH 2 -R3 in which R3 is carboxy, 
[ (l-4C)alkoxy] carbonyl or carbamoyl which may bear one or 
20 two (l-2C)allcyl substituents on the nitrogen; and one of R m 
and R n is hydrogen and the other is amino, bromo, 
(l-4C)alkyl or (1-4C) alkoxy, or R* and R n together form a 
benz ring; 

L 2B is -NH-CO-, -0-CO-, -CH 2 -0- or -0-CH 2 - such that 
25 -L 2 B-q2B is -NH-CO-Q2B, - 0 -CO-Q 2 *, -CH 2 -0-Q 2B or -0-CH 2 -Q 2B ; 
and 

Q 2B is 
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in which R° is hydrogen, halo, (l-6C)alkyl, (l-4C)alkoxy, 
benzyloxy or ( 1-4C) alkylthio; and RP is 1- hydroxy ethyl, 
1-hydroxy-l-methylethyl, 1-methoxy-l-methylethyl, 
5 4-piperidinyl, 4-pyridinyl, dimethylaminosulf onyl or -J-RS 
in which J is a single bond, methylene, carbonyl, oxo, 
-S(0) q - (wherein q is 0, 1 or 2), or -NR r - (wherein R*" is - 
hydrogen or methyl); and R<3 is (1-6C) alkyl, phenyl, 

3 - pyridyl or 4-pyridyl; 

10 L 2 C is -NR v -CO-X-, -NR V -CS-Y-, -CH 2 -CO-NR w -CH 2 " * 

-0-C0-, -0-CH 2 -, -S-CH 2 - or -CH 2 -NR X -CH 2 - such that -l 2c -q2C 
is -NR v -CO-X-Q2C / -NR V -CS-Y-Q 2C , -CH 2 -CO-NR w -CH 2 -Q 2c , 
-O-CO-Q 2 ^, -0-CH 2 -Q 2 C, -S-CH 2 -Q 2C or -CH 2 -NR X -CH 2 -Q 2 C in 
which X is -(CH 2 ) X - (wherein x is 0, 1 or 2), -NR W -CH 2 -, 
15 -0-CH 2 - or -S-CH 2 -; Y is -NR W -CH 2 - or -0-CH 2 -; each of R v 
and R w is independently hydrogen, benzyl or (1-6C) alkyl 
which is not branched at the a-position; and R x is hydrogen, 
benzyloxycarbonyl or [ (1-4C) alkoxy] carbonyl; and 

q2C i s (4-pyridyl ) piper idin-4-yl in which the pyridyl 
20 may bear a substituent at its 2-position selected from 

cyano, aminomethyl, carboxy, hydroxymethyl and (1-2C) alkyl; 
L 2D i s -NH-CO- such that -L 2 D-q2D i s -NH-CO-Q 2D ; and 
Q 2D is selected from 4- (4-pyridinyl) benzyloxy, 9-oxo- 
9H-fluoren-3-yl, benzo [b] thiophen-2-yl (which may bear a 
25 chloro, methyl or methoxy substituent), benzofuran-2-yl 
(which may bear a chloro, methyl or methoxy substituent), 

4- (4-morpholinyl)-4-oxobutyl, and 4-piperidinyl bearing a 
substituent at the 1-position selected from methylsulf onyl, 
phenylsulfonyl and -CH 2 -R 2 in which R 2 is isopropyl, 

30 cyclopropyl, phenyl, furyl, thienyl, 2-thiazolyl, or pyridyl 
in which the phenyl may bear one or two substituents 
independently selected from halo, cyano, hydroxy, methoxy, 
acetoxy, benzyloxy, amino, acetylamino, nitro and 
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3, 4-methylenedioxy, and the thienyl or furyl may bear a 
methyl or nitro substituent; 

or a prodrug of the compound of formula I; 

or a pharmaceutical^ acceptable salt of the compound 
5 of formula I or prodrug thereof. 

In addition, there is provided the use of a factor Xa 
inhibiting compound of formula I (or prodrug or salt) as 
described herein as an active ingredient in the manufacture 
of a medicament for use in producing an anticoagulant or 
10 antithrombotic effect. 

The present invention also provides a method of 
inhibiting coagulation in a mammal comprising administering 
to a mammal in need of treatment, a coagulation inhibiting 
dose of a factor Xa inhibiting compound of formula I having 
15 any of the definitions herein. 

The present invention further provides a method of 
inhibiting factor Xa comprising administering to a mammal in 
need of treatment, a factor Xa inhibiting dose of a 
factor Xa inhibiting compound of formula I having any of the 
20 definitions herein. 

Further, the present invention provides a method of 
treating a thromboembolic disorder comprising administering 
to a mammal in need of treatment, an effective dose of a 
factor Xa inhibiting compound of formula I having any of the 
25 definitions herein. 

In addition, there is provided the use of a factor Xa 
inhibiting compound of formula I having any of the 
definitions herein for the manufacture of a medicament for 
treatment of a thromboembolic disorder. 
30 As an additional feature of the invention there is 

provided a pharmaceutical formulation comprising in 
association with a pharmaceutical^ acceptable carrier, 
diluent or excipient, a prodrug of a factor Xa inhibiting 
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compound of formula I (or of a pharmaceutically acceptable 
salt thereof) as provided in any of the descriptions herein. 

In general, the factor Xa inhibiting compounds of 
formula I are believed to be novel and, thus, to constitute 
an additional aspect of the invention. Thus, according to 
the invention there is provided a novel compound of 
formula I (or a pharmaceutically acceptable salt thereof) 
according to any of the definitions herein of a compound of 
formula I, provided that the compound is not one which is 
not novel. 

A pharmaceutically acceptable salt of an antithrombotic 
agent of the instant invention includes one which is an 
acid-addition salt made from a basic compound of formula I 
and an acid which provides a pharmaceutically acceptable 
anion, as well as a salt which is made from an acidic 
compound of formula I and a base which provides a 
pharmaceutically acceptable cation. Thus, a salt of a novel 
compound of formula I as provided herein made with an acid 
or base which affords a pharmaceutically acceptable 
counterion provides a particular aspect of the invention. 
Examples of such acids and bases are provided hereinbelow. 

As an additional aspect of the invention there is 
provided a pharmaceutical formulation comprising in 
association with a pharmaceutically acceptable carrier, 
diluent or excipient, a novel compound of formula I (or a 
pharmaceutically acceptable salt thereof) as provided in any 
of the descriptions herein. 

In this specification, the following definitions are 
used, unless otherwise described: Halo is fluoro, chloro, 
bromo or iodo. Alkyl, alkoxy, etc. denote both straight and 
branched groups; but reference to an individual radical such 
as ^propyl" embraces only the straight chain ("normal") 
radical, a branched chain isomer such as "isopropyl" being 
specifically denoted. When two adjacent residues form a 
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(fused) benz ring, they form a cis, cis-buta-1, 3-dien- 
1,4-diyl divalent radical. 

It will be appreciated that certain compounds of 
formula I (or salts or prodrugs, etc.) may exist in, and be 
isolated in, isomeric forms, including tautomeric forms, 
cis- or trans-isomers, as well as optically active, racemic, 
or diastereomeric forms. It is to be understood that the 
present invention encompasses a compound of formula I in any 
of the tautomeric forms or as an a mixture thereof; or as a 
mixture of diastereomers, as well as in the form of an 
individual diastereomer, and that the present invention 
encompasses a conpound of formula I as a mixture of 
enantiomers, as well as in the form of an individual 
enantiomer, any of which mixtures or form possesses 
inhibitory properties against factor Xa, it being well known 
in the art how to prepare or isolate particular forms and 
how to determine inhibitory properties against factor Xa by 
standard tests including those described below. 

In addition, a compound of formula I (or salt or 
prodrug, etc.) may exhibit polymorphism or may form a 
solvate with water or an organic solvent. The present 
invention also encompasses any such polymorphic form, any 
solvate or any mixture thereof. 

Particular values are listed below for radicals, 
substituents, and ranges, for illustration only, and they do 
not exclude other defined values or other values within 
defined ranges for the radicals and substituents. 

For an alkyl group or the alkyl portion of an alkyl 
containing group such as, for example alkoxy, a particular 
value for (1-2C) alkyl is methyl or ethyl, and more 
particularly is methyl; for (1-4C) alkyl is methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, or t -butyl, and more 
particularly is methyl, isopropyl, butyl or t-butyl; for 
(1-6C) alkyl is methyl , ethyl , propyl, butyl , pentyl or 
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hexyl, and more particularly is methyl, butyl or hexyl. A 
particular value for halo is bromo or chloro, and more 
particularly is chloro. 



-L 2a -q2A / -NH-CO-Q2B / - N rv. C0 -x-q2C / -NRV-CS-Y-Q 2C , and 
-NH-CO-Q 2D . 

One particular compound of formula I is a pyridine in 
which one of A 3 , A 4 , A 5 and A 6 is N, and each of the others 
is CR 3 , CR 4 , CR 5 or CR 6 , respectively. 

Another particular compound of formula I is a thiophene 
in which the two adjacent residues A 5 and A 6 together form 
S, and A 3 and A 4 are CR 3 and CR 4 , respectively. 

Another particular compound of formula I is an indole 
in which the two adjacent residues A 5 and A 6 , together form 
-NH-, and A 3 and A 4 together form a fused benz ring. 

A further particular compound of formula I is a 
pyridine of formula la 



A particular value for R 2 is, for example, (4-t-butyl- 
benzoyl ) amino , ( 4 -methoxybenzoyl ) amino , [ 4- ( 4-pyridyl ) - 
benzoyl]amino or [1- ( 4-pyridyl ) piper idin-4-yl] me thoxy- 
carbonylamino . 

One particular compound of formula I as described 
herein is one in which iA-Q 1 is -NH-CO-Q 1 . 

Another particular confound of formula I as described 
herein is one in which lA-Q 1 is -CO-NH-Q 1 . 

A prodrug of a compound of formula I may be one formed 
in a conventional manner with a functional group of the 



A particular value for R 2 is one selected from 




la 



wherein A 4 is N, and L 1 , Q 1 and R 2 have any of the values 
defined herein. 

A particular value for Q 1 is 4-methoxyphenyl. 
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compound, such as with an amino, hydroxy or carboxy group. 

A compound of formula I may be prepared by processes 
which include processes known in the chemical art for the 
production of any known compounds of formula I or of 
5 structurally analogous compounds or by a novel process 

described herein* A process for the preparation of a novel 
conpound of formula I (or a pharmaceutically acceptable salt 
thereof), novel processes for the preparation of a conqpound 
of formula I and novel intermediates for the manufacture of 

10 a compound of formula I as defined above provide further 
features of the invention and are illustrated by the 
following procedures in which the meanings of the generic 
radicals are as defined above, unless otherwise specified. 
It will be recognized that it may be preferred or necessary 

15 to prepare a compound of formula I in which a functional 
group is protected using a conventional protecting group, 
then to remove the protecting group to provide the compound 
of formula I. 

Thus, there is provided a process for preparing a novel 
20 compound of formula I (or a pharmaceutically acceptable salt 
thereof) as provided in any of the above descriptions which 
is selected from any of those described in the examples, 
including the following. 

(A) For a compound of formula I in which the linkage 
25 of R 2 to the ring terminates in -NH-CO-, -NR v -CO- or 
-NR V -CS- , acylating an amine of formula II, 




30 or a corresponding amine in which the nitrogen bears the 
group R v , using a corresponding acid which terminates with 
the group HO-CO- or HO-CS-, or an activated derivative 
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thereof. Typical activated derivatives include the acid 
halides, activated esters, including 4-nitrophenyl esters 
and those derived from coupling reagents, as well as (when 
the product is a urea or thiourea) isocyanates and 
5 isothiocyanates . It may be preferred to deprotonate the 
amine using a strong base in anhydrous conditions for the 
acylation reaction, for example as described in Example 2, 
Part C. 

(B> For a compound of formula I in which -l^-Q 1 is 
10 -NH-CO-Q 1 , acylating an amine of formula III 

using an acid of formula HO-CO-Q 1 , or an activated 
15 derivative thereof. The conditions used may be similar to 
those of process (A), above. 

(C) For a compound of formula I in which -lA-Q 1 is 
-CO-NH-Q 1 and R? is of the form -NH-CO-Q 2 , acylating an 
amine of formula H 2 N-Ql using a [l,3]oxazine of formula IV, 

20 

O 




wherein Q 2 represents, for exanple, Q 2B , Q 2C or Q 2D . 

(D) For a compound of formula I in which R 2 is 
_ l 2A_q2A and D is carbonyl, diacylating a compound of 
formula II using an anhydride of formula V. 



WO 99/00126 



PCT/US98/13384 



- 15 - 




Whereafter, for any of the above procedures, when a 
functional group is protected using a protecting group, 
5 removing the protecting group. 

Whereafter, for any of the above procedures, when a 
pharmaceutically acceptable salt of a compound of formula I 
is required, it is obtained by reacting the basic form of a 
basic compound of formula I with an acid affording a 
10 physiologically acceptable counterion or the acidic form of 
an acidic compound of formula I with a base affording a 
physiologically acceptable counterion or by any other 
conventional procedure. 

A novel intermediate or starting material compound such 
15 as, for example, a novel compound of formula II, III or IV, 
etc., provides a further aspect of the invention. 

As mentioned above, a compound corresponding to a 
compound of formula I but in which a functional group is 
protected may serve as an intermediate for a compound of 
20 formula I. Accordingly, such a protected intermediate for a 
novel compound of formula I provides a further aspect of the 
invention. Protecting groups are well known in the art, for 
example as described in T.W. Greene and P.G.M. Wuts, 
"Protecting Groups in Organic Synthesis 0 (1991). Further, 
25 the protecting group may be a functionalized resin, for 
example as disclosed in H.V. Meyers, et al., Molecular 
Diversity , (1995), 1, 13-20. 

As mentioned above, the invention includes, a 
pharmaceutically acceptable salt of the factor Xa inhibiting 
30 compound defined by the above formula I. A basic confound 
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of this invention possesses one or more functional groups 
sufficiently basic to react with any of a number of 
inorganic and organic acids affording a physiologically 
acceptable counterion to form a pharmaceutically acceptable 
salt. Acids commonly employed to form pharmaceutically 
acceptable acid addition salts are inorganic acids such as 
hydrochloric acid, hydrobromic acid, hydroiodic acid, 
sulfuric acid, phosphoric acid, and the like, and organic 
acids such as £-toluenesulf onic acid, methanesulf onic acid, 
oxalic acid, 2" broinobenzenesulf onic acid, carbonic acid, 
succinic acid, citric acid, benzoic acid, acetic acid, and 
the like. Examples of such pharmaceutically acceptable 
salts thus are the sulfate, pyrosulfate, bisulfate, sulfite, 
bisulfite , phosphate , monohydrogenphosphate , 
dihydrogenphosphate, metaphosphate, pyrophosphate, chloride, 
bromide, iodide, acetate, propionate, decanoate, caprylate, 
acrylate, formate, isobutyrate, caproate, heptanoate, 
propiolate, oxalate, malonate, succinate, suberate, 
sebacate, fumarate, maleate, butyne-1, 4-dioate, hexyne-1,6- 
dioate, benzoate, chlorobenzoate , methylbenzoate, 
dinitrobenzoate, hydroxybenzoate, methoxybenzoate, 
phthalate, sulfonate, xylenesulf onate, phenylacetate, 
phenylpropionate, phenylbutyrate, citrate, lactate, gamma- 
hydroxybutyrate, glycollate, tartrate, methanesulf onate, 
propanesulf onate, naphthalene-l-sulf onate, naphthalene-2- 
sulf onate, mandelate, and the like. Preferred 
pharmaceutically acceptable acid addition salts include 
those formed with mineral acids such as hydrochloric acid, 
hydrobromic acid and sulfuric acid. 

For a compound of formula I which bears an acidic 
moiety, such as a carboxy group, a pharmaceutically 
acceptable salt may be made with a base which affords a 
pharmaceutically acceptable cation, which includes alkali 
metal salts (especially sodium and potassium), alkaline 
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earth metal salts (especially calcium and magnesium), 
aluminum salts and ammonium salts, as well as salts made 
from physiologically acceptable organic bases such as 
tr ie thy 1 amine, morpholine, piperidine and triethanolamine . 
5 if not commercially available, a necessary starting 

material for the preparation of a compound of formula I may 
be prepared by a procedure which is selected from standard 
techniques of organic chemistry, including aromatic and 
heteroaromatic substitution and transformation, from 

10 techniques which are analogous to the syntheses of known, 
structurally similar compounds, and techniques which are 
analogous to the above described procedures or procedures 
described in the Examples. It will be clear to one skilled 
in the art that a variety of sequences is available for the 

15 preparation of the starting materials. Starting materials 
which are novel provide another aspect of the invention. 

Selective methods of substitution, protection and 
deprotection are well known in the art for preparation of a 
compound such as one of formula II, III, IV or VI discussed 

20 above. 

Generally, a basic compound of the invention is 
isolated best in the form of an acid addition salt. A salt 
of a compound of formula I formed with an acid such as one 
of those mentioned above is useful as a pharmaceutically 

25 acceptable salt for administration of the antithrombotic 
agent and for preparation of a formulation of the agent. 
Other acid addition salts may be prepared and used in the 
isolation and purification of the conpounds. 

As noted above, the optically active isomers and 

30 diastereomers of the compounds of formula I are also 

considered part of this invention. Such optically active 
isomers may be prepared from their respective optically 
active precursors by the procedures described above, or by 
resolving the racemic mixtures. This resolution can be 
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carried out by derivatization with a chiral reagent followed 
by chromatography or by repeated crystallization. Removal 
of the chiral auxiliary by standard methods affords 
substantially optically pure isomers of the compounds of the 
5 present invention or their precursors. Further details 
regarding resolutions can be obtained in Jacques, et al., 
Enantiomers, Racemates, and Resolutions , John Wiley & Sons, 
1981. 

The compounds of the invention are believed to 

10 selectively inhibit factor Xa over other proteinases and 
nonenzyme proteins involved in blood coagulation without 
appreciable interference with the body's natural clot lysing 
ability (the compounds have a low inhibitory effect on 
fibrinolysis) . Further, such selectivity is believed to 

15 permit use with thrombolytic agents without substantial 
interference with thrombolysis and fibrinolysis. 

The invention in one of its aspects provides a method 
of inhibiting factor Xa in mammals comprising administering 
to a mammal in need of treatment an effective (factor Xa 

20 inhibiting) dose of a compound of formula I. 

In another of its aspects, the invention provides a 
method of treating a thromboembolic disorder comprising 
administering to a mammal in need of treatment an effective 
(thromboembolic disorder therapeutic and/or prophylactic 

25 amount) dose of a compound of formula I. 

The invention in another of its aspects provides a 
. method of inhibiting coagulation in a mammal comprising 
administering to a mammal in need of treatment an effective 
(coagulation inhibiting) dose of a compound of formula I. 

30 The factor Xa inhibition, coagulation inhibition and 

thromboembolic disorder treatment contemplated by the 
present method includes both medical therapeutic and/or 
prophylactic treatment as appropriate. 
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In a further embodiment the invention relates to 
treatment, in a human or animal, of a condition where 
inhibition of factor Xa is required. The compounds of the 
invention are expected to be useful in mammals, including 
5 man, in treatment or prophylaxis of thrombosis and 

hypercoagulability in blood and tissues. Disorders in which 
the compounds have a potential utility are in treatment or 
prophylaxis of thrombosis and hypercoagulability in blood 
and tissues. Disorders in which the compounds have a 

10 potential utility, in treatment and/or prophylaxis, include 
venous thrombosis and pulmonary embolism, arterial 
thrombosis, such as in myocardial ischemia, myocardial 
infarction, unstable angina, thrombosis-based stroke and 
peripheral arterial thrombosis. Further, the coirpounds have 

15 expected utility in the treatment or prophylaxis of 
atherosclerotic disorders (diseases) such as coronary 
arterial disease, cerebral arterial disease and peripheral 
arterial disease. Further, the compounds are expected to be 
useful together with thrombolytics in myocardial infarction, 

20 Further, the compounds have expected utility in prophylaxis 
for reocclusion after thrombolysis, percutaneous 
transluminal angioplasty (PTCA) and coronary bypass 
operations. Further, the compounds have expected utility in 
prevention of rethrombosis after microsurgery. Further, the 

25 compounds are expected to be useful in anticoagulant 

treatment in connection with artificial organs and cardiac 
valves. Further, the compounds have expected utility in 
anticoagulant treatment in hemodialysis and disseminated 
intravascular coagulation. A further expected utility is in 

30 rinsing of catheters and mechanical devices used in patients 
in vivo, and as an anticoagulant for preservation of blood, 
plasma and other blood products in vitro. Still further, 
the compounds have expected utility in other diseases where 
blood coagulation could be a fundamental contributing 
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process or a source of secondary pathology, such as cancer, 
including metastasis, inflammatory diseases, including 
arthritis, and diabetes. The anti-coagulant compound is 
administered orally or parenterally, e.g. by intravenous 
infusion (iv), intramuscular injection (im) or 
subcutaneous ly (sc) . 

The specific dose of a compound administered according 
to this invention to obtain therapeutic and/or prophylactic 
effects will, of course, be determined by the particular 
circumstances surrounding the case, including, for exanple, 
the compound administered, the rate of administration, the 
route of administration, and the condition being treated. 

A typical daily dose for each of the above utilities is 
between about 0.01 mg/kg and about 1000 mg/kg. The dose 
regimen may vary, e.g. for prophylactic use a single daily 
dose may be administered or multiple doses such as 3 or 5 
times daily may be appropriate. In critical care situations 
a compound of the invention is administered by iv infusion 
at a rate between about 0.01 mg/kg/h and about 20 mg/kg/h 
and preferably between about 0.1 mg/kg/h and about 
5tmg/kg/h. 

The method of this invention also is practiced in 
conjunction with a clot lysing agent e.g. tissue plasminogen 
activator (t-PA), modified t-PA, streptokinase or urokinase. 
In cases when clot formation has occurred and an artery or 
vein is blocked, either partially or totally, a clot lysing 
agent is usually employed. A conpound of the invention can 
be administered prior to or along with the lysing agent or 
subsequent to its use, and preferably further is 
administered along with aspirin to prevent the reoccurrence 
of clot formation. 

The method of this invention is also practiced in 
conjunction with a platelet glycoprotein receptor (Ilb/IIIa) 
antagonist, that inhibits platelet aggregation. A coitpound 
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of the invention can be administered prior to or along with 
the Ilb/IIIa antagonist or subsequent to its use to prevent 
the occurrence or reoccurrence of clot formation. 

The method of this invention is also practiced in 
conjunction with aspirin. A compound of the invention can 
be administered prior to or along with aspirin or subsequent 
to its use to prevent the occurrence or reoccurrence of clot 
formation. As stated above, preferably a compound of the 
present invention is administered in conjunction with a clot 
lysing agent and aspirin. 

This invention also provides a pharmaceutical 
composition for use in the above described therapeutic 
method. A pharmaceutical composition of the invention 
comprises an effective factor Xa inhibiting amount of a 
compound of formula I in association with a pharmaceutically 
acceptable carrier, excipient or diluent. 

The active ingredient in such formulations comprises 
from 0.1 percent to 99.9 percent by weight of the 
formulation. By "pharmaceutically acceptable" it is meant 
the carrier, diluent or excipient must be conpatible with 
the other ingredients of the formulation and not deleterious 
to the recipient thereof. 

For oral administration the antithrombotic coitpound is 
formulated in gelatin capsules or tablets which may contain 
excipients such as binders, lubricants, disintegration 
agents and the like. For parenteral administration the 
antithrombotic is formulated in a pharmaceutically 
acceptable diluent e.g. physiological saline (0.9 percent), 
5 percent dextrose, Ringer's solution and the like. 

The compound of the present invention can be formulated 
in unit dosage formulations comprising a dose between about 
0.1 mg and about 1000 mg. Preferably the conpound is in the 
form of a pharmaceutically acceptable salt such as for 
example the sulfate salt, acetate salt or a phosphate salt. 
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An example of a unit dosage formulation conprises 5 mg of a 
compound of the present invention as a pharmaceutically 
acceptable salt in a 10 mL sterile glass ampoule. Another 
example of a unit dosage formulation comprises about 10 mg 
5 of a compound of the present invention as a pharmaceutically 
acceptable salt in 20 mL of isotonic saline contained in a 
sterile ampoule. 

The compounds can be administered by a variety of 
routes including oral, rectal, transdermal, subcutaneous , 

10 intravenous, intramuscular, and intranasal. The compounds 
of the present invention are preferably formulated prior to 
administration . 

The present pharmaceutical compositions are prepared by 
known procedures using well known and readily available 

15 ingredients. The compositions of this invention may be 
formulated so as to provide quick, sustained, or delayed 
release of the active ingredient after administration to the 
patient by employing procedures well known in the art. In 
making the compositions of the present invention, the active 

20 ingredient will usually be admixed with a carrier, or 

diluted by a carrier, or enclosed within a carrier which may 
be in the form of a capsule, sachet, paper or other 
container. When the carrier serves as a diluent, it may be 
a solid, semi-solid or liquid material which acts as a 

25 vehicle, excipient or medium for the active ingredient. 

Thus, the compositions can be in the form of tablets, pills, 
powders, lozenges, sachets, cachets, elixirs, suspensions, 
emulsions, solutions, syrups, aerosols, (as a solid or in a 
liquid medium), soft and hard gelatin capsules, 

30 suppositories, sterile injectable solutions, sterile 
packaged powders, and the like. 

The following formulation examples are illustrative 
only and are not intended to limit the scope of the 
invention in any way. "Active ingredient, B of cours , means 
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a compound according to formula I or a pharmaceutical^ 
acceptable salt or solvate thereof. 

Formulation 1 : Hard gelatin capsules are prepared 
using the following ingredients: 

Quantity 
(mg/capsule) 



Active ingredient 250 

Starch, dried 200 

Magnesium stearate 1Q 

Total 460 mg 



Formulation 2 : A tablet is prepared using the 
ingredients below: 

Quantity 
(mg/tablet) 



Active ingredient 250 

Cellulose, microcrystalline 400 
Silicon dioxide, fumed 10 

Stearic acid 5 

Total 665 mg 



The components are blended and compressed to form tablets 
each weighing 665 mg. 

Formulation 3 : An aerosol solution is prepared 
containing the following components: 

Weight 

Active ingredient 0.25 
Ethanol 29.75 
Propellant 22 (Chlorodif luoromethane) 70.00 
Total 100.00 
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The active compound is mixed with ethanol and the mixture 
added to a portion of the propellant 22, cooled to -30 °C 
and transferred to a filling device. The required amount is 
then fed to a stainless steel container and diluted with the 
remainder of the propellant. The valve units are then 
fitted to the container. 

Formulation 4 ; Tablets, each containing 60 mg of 
active ingredient, are made as follows: 

Active ingredient 
Starch 

Microcrystalline cellulose 
Polyvinylpyrrolidone (as 10% solution in 
water) 

Sodium carboxymethyl starch 
Magnesium stearate 
Talc 
Total 

The active ingredient, starch and cellulose are passed 
through a No. 45 mesh U.S. sieve and mixed thoroughly. The 
aqueous solution containing polyvinylpyrrolidone is mixed 
with the resultant powder, and the mixture then is passed 
through a No. 14 mesh U.S. sieve. The granules so produced 
are dried at 50 °C and passed through a No. 18 mesh U.S. 
Sieve. The sodium carboxymethyl starch, magnesium stearate 
and talc, previously passed through a No. 60 mesh U.S. 
sieve, are then added to the granules which, after mixing, 
are compressed on a tablet machine to yield tablets each 
weighing 150 mg. 



60 mg 
45 mg 
35 mg 
4 mg 

4 . 5 mg 
0.5 mg 
1 mg 
150 mg 
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Formulation 5 : Capsules, each containing 80 mg of 
active ingredient, are made as follows: 



Active ingredient 80 mg 

Starch 59 mg 

Microcrystalline cellulose 59 mg 

Magnesium stearate 2 mg 

Total 200 mg 

5 The active ingredient, cellulose, starch, and magnesium 
stearate are blended, passed through a No. 45 mesh U.S. 
sieve, and filled into hard gelatin capsules in 200 mg 
quantities. 



*° Formulation 6 : Suppositories, each containing 225 mg 

of active ingredient, are made as follows: 

Active ingredient 225 mg 

Saturated fatty acid glycerides 2,000 mg 
Total 2,225 mg 



The active ingredient is passed through a No. 60 mesh U.S. 
15 sieve and suspended in the saturated fatty acid glycerides 
previously melted using the minimum heat necessary. The 
mixture is then poured into a suppository mold of nominal 
2 g capacity and allowed to cool. 

20 Formulation 7 : Suspensions, each containing 50 mg of 

active ingredient per 5 mL dose, are made as follows: 



Active ingredient 50 mg 

Sodium carboxymethyl cellulose 50 mg 

Syrup 1.25 mL 

Benzoic acid solution 0.10 mL 
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Flavor 
Color 

Purified water to total 

The active ingredient is passed through a No. 45 mesh U.S. 
sieve and mixed with the sodium carboxymethyl cellulose and 
syrup to form a smooth paste. The benzoic acid solution, 
flavor and color are diluted with a portion of the water and 
added, with stirring. Sufficient water is then added to 
produce the required volume. 

Formulation 8 : An intravenous formulation may be 
prepared as follows: 

Active ingredient 100 mg 

Isotonic saline 1,000 mL 

The solution of the above ingredients generally is 
administered intravenously to a subject at a rate of ltmL 
per minute. 

The ability of a compound of the present invention to 
be an effective and orally active factor Xa inhibitor may be 
evaluated in one or more of the following assays or in other 
standard assays Jqiown to those in the art. 

The inhibition by a compound of the inhibition of a 
serine protease of the human blood coagulation system or of 
the fibrinolytic system, as well as of trypsin, is 
determined in vitro for the particular enzyme by measuring 
its inhibitor binding affinity in an assay in which the 
enzyme hydrolyzes a particular chromogenic substrate, for 
example as described in Smith, G.F.; Gif ford-Moore, D.; 
Craft, T.J.; Chirgadze, N. ; Ruterbories, K.J.; Lindstrom, 
T.D.; Satterwhite, J.H. Efegatran: A New Cardiovascular 
Anticoagulant. New Anticoagulants for the Cardiovascular 
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q.v. 
q.v. 
5 mL 
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Patient; Pifarre, R., Ed.; Hanley & Belfus, Inc.: 
Philadelphia, 1997; pp. 265-300. The inhibitor binding 
affinity is measured as apparent association constant Kass 
which is the hypothetical equilibrium constant for the 
reaction between enzyme and the test inhibitor compound (I) . 

Enzyme + I j ■ Enzyme -I 

Kass = £ Enzyme- 1 ] 

t (Enzyme) x (I)] 

Conveniently, enzyme inhibition kinetics are performed 
in 96-well polystyrene plates and reaction rates are 
determined from the rate of hydrolysis of appropriate 
p-nitroanilide substrates at 405 nm using a Thermomax plate 
reader from Molecular Devices (San Francisco, CA) . The same 
protocol is followed for all enzymes studied: 50 jiL buffer 
(0.03 M Tris, 0.15 M NaCl pH 7) in each well, followed by 
25 \xL of inhibitor solution (in 100% methanol, or in 50% v:v 
aqueous methanol) and 25 \iL enzyme solution; within two 
minutes, 150 uL aqueous solution of chromogenic substrate 
(0.25 mg/mL) is added to start the enzymatic reaction. The 
rates of chromogenic substrate hydrolysis reactions provide 
a linear relationship with the enzymes studied such that 
free enzyme can be quantitated in reaction mixtures. Data 
is analyzed directly as rates by the Softmax program to 
produce [free enzyme] calculations for tight-binding Kass 
determinations. For apparent Kass determinations, 1.34 nM 
human factor Xa is used to hydrolyze 0.18 mM Bzlle-Glu-Gly- 
Arg-pNA; 5 , 9 nM human thrombin or 1.4 nM bovine trypsin is 
used to hydrolyze 0.2 mM BzPhe-Val-Arg-pNA; 3.4 nM human 
plasmin is used with 0.5 mM HD-Val-Leu-Lys-pNA; 1.2 nM human 
nt-PA is used with 0.81 mM HD-Ile-Pro-Arg-pNA; and 0.37 nM 
urokinase is used with 0.30 mM pyro-gf sG lu-Gly-Arg-pNA. 
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Kass is calculated for a range of concentrations of 
test compounds and the mean value reported in units of liter 
per mole. In general, a factor Xa inhibiting compound of 
formula I of the instant invention exhibits a Kass of 0.1 to 
0.5 x 10 6 L/mole or much greater. 

The factor Xa inhibitor preferably should spare 
fibrinolysis induced by urokinase, tissue plasminogen 
activator (t-PA) and streptokinase. This would be important 
to the therapeutic use of such an agent as an adjunct to 
streptokinase, tp-PA or urokinase thrombolytic therapy and 
to the use of such an agent as an endogenous f ibrinolysis- 
sparing (with respect to t-PA and urokinase) antithrombotic 
agent. In addition to the lack of interference with the 
amidase activity of the fibrinolytic proteases, such 
fibrinolytic system sparing can be studied by the use of 
human plasma clots and their lysis by the respective 
fibrinolytic plasminogen activators. 

Materials 

Dog plasma is obtained from conscious mixed-breed hounds 
(either sex Butler Farms, Clyde, New York, U.S.A.) by 
venipuncture into 3.8 percent citrate. Fibrinogen is 
prepared from fresh dog plasma and human fibrinogen is 
prepared from in-date ACD human blood at the fraction 1-2 
according to previous procedures and specification. Smith, 
Biochem. J. , 185 , 1-11 (1980; and Smith, et al., 
Biochemistry , 11, 2958-2967, (1972). Human fibrinogen (98 
percent pure/plasmin free) is from American Diagnostica, 
Greenwich, Connecticut. Radiolabeling of fibrinogen 1-2 
preparations is performed as previously reported. Smith, et 
al., Biochemistry , 11, 2958-2967, (1972). Urokinase is 
purchased from Leo Pharmaceuticals, Denmark, as 2200 Ploug 
units/vial. Streptokinase is purchased from Hoechst-Roussel 
Pharmaceuticals, Somerville, New J rsey. 
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03 pasn sx qozjpmdoas e pup 'appro a;re suoxsxoux aqj, -daap una 
Z x apxM uwi e st uoxsxoux qoea *6op aq} 30 mpC 33a! aamox 
ao aaddn aq^ aaq^xa 30 PAxfiuxfi aqq ux suoxsxoux xp^uozxaoq 
Z a^pui oa pasn sx aoxAap aqj, M'VS'n "D'N 'tnpqana 
wtxiDiaj, uoupfiao) aoxAap aurc^ fiuxpaaxq II a:*Pldjuixs « q^XM 
pauxuua^ap aap sauix^ fiuxpaaxq a^Pxdmaq ipax5uxo 'CY'S'n 
'YD '^axA ^unow • ;iauanj,-t?xonbas '006 ^d-TTaO) aazAxeup 
A6oxoqpmaq p q^x>i (pooxq s:*:red gtaqBjqta :>xed x) pooxq 
Ouaoaad 8*£) pa^pa^xo 30 axcinps rtf-Ofr p uo pauxuiaa^ap axe 
saniPA ^xaoo^puiaq pup 'uxqoxfiomaq 's^unoo nao pooT<3 axoqM 
suoxqeu-noxa^ap auix^ fiuxpaaxq a^Piduiaq pup iCfioioqpuaH 

•saqnupn oe ^spax }P ^03 pa^sxsjrad qoxqM jgo o;raz sp 
paux3ap sx sxsAxoqmoaq^ insssaoons xb^jv saTjca^jte Axpuojoo 
30 uoxsnxoooan -punoduioo ^sa^ 30 uoxqpa^sxuxuxpp aa^3« 
jnoq £ ^03 paivtoxi03 sx uoxsnsaada* * (QVSdV 'aspux^o^daa^s 
'ao}PAx:*DP uafiouxuispxd anssxq -fi-a) ^uafip ox^Axoquiojrqq 
30 uoxsr\3ux ire q^XM Axsnoaupqxnuixs unfiaq sx anoq/6x/6ui 
X ptre s'o JO sasop :*p uox^uaAux ^uasaad aq^ 30 spunoduioo aqq 
30 uoxsn3ux anoq-3 v *anoq x ^03 afip 03 paMOUP sx snquxojrqq 
fiuxpnxooo aq^ xa^3© paqa^s sx uox^paqsxuxuip* punodraoo 
# Ouauxfias x-S aq^ ux aspa^oux up pup jgo oaaz sp pauxuua^ap) 
papnxooo AxTP^o^ si XDT ©q^ XT^™ ^xsnoau^^uods spaaoojd 
uox^euuo3 snqraoaqj, # qou jo papnxooo seq i^ssaA B ^ aaq^aqM 
panuxquoosxp uaqq pur? uxui 09 ^o? pauxe^uxpui sx qusuno 
aqj, -apotre aq^ 04 (Dd) ^uaa^no ^oaaxp YTt-QOT BuxAxdd* 
Aq paonpoad sx XD1 ©qq 3° puix^ux aq^ 30 AanCux ox^Axoa^oaxa 
suainxfian uox^^a^sxuxuipY punodraoo pup uox^pulzoh snqmo^qj, 
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pire aumioA x*PT«L *^th mooa qqx* paq*XT3 uaA pire 'paqeqntiux 

'{•a-t 'AxsnouaAwqux 6^/6m qc) T*3Tq^q o 3uad umxpos ge 
tOTM pazx:>aq:*saue a;re (TS'n 'Voa m3N 'spAxD 'suu^d taxing 
'xas aaq^xa 'sq^uoux l-$ paBi?) spunoq paaaq-paxxw • (0661) 
0fr6-0£6 '38 'uoxq^xrvoxfo ' * T e 'uossper ut paqxaosap 
a:xe sfiop aq^ 50 uox^T^uawozqsux ptre uox^jredajcd iBoxB;ms 

STSoquxooqx Aaa^xtf Aaeuoaoo 30 xapow auxtrej oc 

# d 'paqaosq* punoduioo }sa} 30 uox}oe:i3 .'-D'XTY 'aAano 
eq} aapun *ajre pus i agxx-3T^ Buis^xd 'xhuid 'xfuu, 30 

punocfrxoo :*sa:* 30 uoT^a^uaouoo toiuixxbui .'xbuix 'uopw^uaouoo 

punociaoo }sa:* suispjd umuixxBui 30 auixq !<1a 'uox^nqxa^sxp 30 53 
aumxoA .'3XD 'aorreosaxo 1*303 .'a^ ':nre}euoo uoxqeuxurxxa 

: saa^aureaed ox^axrrstosBuiaeqd aq} a^xnoxHa °3 P 9Sn 
papaooaj sx punoc&xoo }sa} 30 uox^a^uaouoo ismsexd # SW OldH 
Aq pazAx^tre a;re saxdures suisexd •uox^^Bngxa^uao Aq *tnsi?xd 

03 uox^onpaa 03 zoxjrd aox uo ^da^( pire saqn^ jtaux^noeA 0Z 
paqw^xo ut paaoaxxoo a;ns saxdures 'Buxsop ^3331? sanoq 
9 PU« ? 'C '2 'T 'SZ/0 'S"0 'S3*0 3* uxaA oxxeqdao aq^ woxj 
ua^H^ a:re (qui g-p) saxdures pooxs -afiBAeB x^ao ^ punoduioo 
}sa} 30 asop B^/Bui £ axfiuxs « uaAxfi aae sBoa -uox^isjredajcd 

Tin/Bra s « oq auxx«s suaoaad 6'0 aixaais u 7 BuxAxossxp gx 
Aq Buxsop 03 jroxad Axa^expauiuix pa3einuiJ03 sx punoduioo ^saj, 

'X^poux ox^aux^ooButz^qa 

•SJtnoq 008T-0090 ^10,13 P^qBxx 
pus .'Aqxpxumq aAx^x^ ^uaoaad 0S-Sfr 'do VL~99 uaaw^aq oi 
paux^uxeui sx aan^Madina^ uiooa aqj, -langTqrx pe axqeixBAB 
sx aa^^M 'Buxsop xa^jv sa^nuxui (xanossxw 'sxnoq 

# 3S 'STTTW suxarid) qaxa uox^dxaosajca paxjx^aao euxand pag 
pus 3qBxu«AO paqsB? a« OTS^T M^OA ^©N 'ason t[^aoN 'suot,j 
XX^s«w 'B3{ cx-ST -saeaA z - sq^uoui 81 r'saxBeag) sBop ax«K g 

sxctnxuv 

*S0*0>d st supaui x^nba 30 sxsaqqodAq XT^ 30 
uox^oaCaj ^03 x aA9 T 90treox3xu5xs -^uaaa33xp bjlv sueaui qoxqM 

- ee - 



*8CCI/86Sn/XDd 



91100/66 OAV 




■a 



•pafieiraAP ptre 

e^BDxxdnp xrc auop a;re sAessv -uox^pxnfieoo qap^s 03 pappp sx 
(W 530*0 /r iui VO) Z TD*D pue (d g sa^nuxui g ^oj pa^pqnoux 

aa* (wrpu^aj, uoirefiao "iui x*0) uox}iv[os iwv pire (Tin x'O) 
Bras^id 'jiLav ^oj -Qo £E 1* (sxabq ©M^d ^ajjnq sihj, 
nn/n oe /r pn T'O) uxquiojcqq auxAoq pup (qui x*0) euxx*s in™ 
pexxtn st (qra x'o) nuisexd 'xx aonseaur ox • (pooxq s^jred 

6 03 x 'luaozad 8*£) a^^xo ranxpos fiuxuxequoo afiuxaAs 

ux P^oextoo prre aaqaip^o a^xnfinC p moaj paxdures sx pooxa 
•^a^aTnoaqxj v q}XM pajmspaui a:re (»LLdY) suit} uxqspxtfocpnojq:* 
X^x^and pa^PAx^DP pue (jj,) auxx} uxquiojqq eras^xd 

saa^aurejrea uox^^x^^oD 

M066I 

'693*09 "san -qraoaqj, 'zm^ *cT)i 99s) a-m^eaaduxa:} x^ssaA ux 
do^p pxdea aq:* ptre ExD©* ?o uoxqpoxxddp xiaaM^aq aunr} pasd*x© 
aq3 s^uasaada* pxre sa^nupu ux pa^jrodaa sx uoxsnxooo 03 aurc} 
aqj, ' ajm^pjraduia:* ux doop pxd^j e Aq pa^poxpux sx uoxsnxooo 
X«T J9 ^^V 'aqoad axdnooouuaq^ aqq ©Aoqe /Lib^x* aq} aqqeq 
o^ ggno aq^ o^ux pa^adxd sx irt 58*2 'sxsocpnojrqq aonpux 
pxre Aaa^xe aq} aanCux oj, -Axuo Cxoaj 50 ^qfixaM x**^* 
aqi 30 swzaa ux passaadxa sx (quao;cad oz) uo-ppj^uaouoo 
aq^ pu« aa^PM ux paAXOSSxp sx a^pjrpAqpxaq CX09£ 
•axdnooouLxaqi aq^ aAOcp? Ax^oaaxp px^oano qopa punojre pao*x<3 
sx 'AxxwTP^T^OT 3no ' (auooxxxs appjo -pan aa^x^a 'unn p x 
00 LLQ'O x ai 8S0'0) fiuxqn^ 30 jjno v -aapjcooaa :u*qo dx^s 
v uo Axsnonuxquoo papaooaa sx axnqeaaduia} xassaA pup Aaa^jp 
qopa ^apun pao^xd sx axdnooouuaq^ y 'uoxsxoux x^^T^ 30 
X^quaA auxxpxm © *xa paq^x^sx ao^ sax^aq« pxqoapo aqj, 

A^riCux x^T^^^^ ?o x^poui ?X0^d 

• (2861 

'XOOCTu^qa p "tnTOS -ht ©ss) snquioaq^ pu^ peaoq^ aq^ 30 
^qfixaM x«^oq aqi uiojcg pa^o^a^qns sx peazqq ^aM ^ jo ^qfixaM 
aqj, -paqfixaM pup paAouiaa Axinja^po sx pea^qq aq^ a^ogaq uxui 
ST *oj qunqs aq^ q6nojqq pa^Bx^axo sx pooxs -^xno^xo qunqs 
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•paqxaosap punoduioa aq^ ao? pauxe^qo sbm 
umanoads pea Eajux Axo^oBjsxqes v sa^oxpux hi -paqxaosap 
ptmo&uoo ©in ^03 pauxe^qo sbm unloads HWN Azo^Dejsxqes 
© sa^eoxpux HWN-Hx -suox^nxos aseq ao pxoe snoanbp tpx* 
a^B dn x«30M pxre s^ueui^snCpe Hd 'pa^B^s asx/Maq^o ssajun 

pxoe oxuojx^satreipauioaonxjx^ = pxo* oxxjxaq 

XAuojxnsaxianxo^-d = x*so} 
AqdeoBo^^uioaqo aaAex trritt = OIL 
X^XT s T^doadosxxa^ = sdix 
treangojcpAtpBa^a^ = jhl 
pxD© ox^aDBoaonxjxa^ = YdiL 
XAxxsxAinsurrpx^Ttq-qaa^ = sai 

x©£ /Boxxxs = Sots 

pa^pjmqss = p^«s 
AqdBx5o^©raoot[D 
pxnbxq aotreurxogaaa t{BxH aseqa pasaaAan = OldHdH 

X^doadosx = a<j-x 
XAuaqd & 

aotreuosaH ox^auSew a^axonN = hhn 
appnxuxoonsouiojtq-N = saw 
imxqpeds ssvw tiox^dzosap px©T? = aa-SW 

XOireq^aui = HO^W 
apxpox x^aui = jaw 
xAinaui = aw 
moi^oads pajrejrgui = hi 
XOiredojrdosx - HO^d-x 
unuqoads sspui uoxqnxosajc qfixq = SWHH 
AqdisaJSo^^uioano pxnbxq aoxreuuojjtaa qBxH = D7dH 
aXOZ^xa^ozuaqAxo-xpAq-x = X30H 
axozpxa^oziiaqBZ^-^-AxoapAq-x = 

satrexaq = xan 

(Adoosoa^oads ssbw) auauipjcequiog inoqv 3sej = g^d 

Xotretpa = H03H 
aaq^a x^^TP = 0^3 
auxurex^^ 3 !- 1 ^ = N^H 
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All data are analyzed by one-way analysis of variance 
(ANOVA) followed by Student-Neuman-Kuels post hoc t test to 
determine the level of significance. Repeated-measures 
ANOVA are used to determine significant differences between 
time points during the experiments. Values are determined 
to be statistically different at least at the level of 
p<0.05. All values are mean ± SEM. All studies are 
conducted in accordance with the guiding principles of the 
American Physiological Society. Further details regarding 
the procedures are described in Jackson, et al., 
Cardiovasc. Pharmacol., (1993), 21, 587-599. 

The following Examples are provided to further 
describe the invention and are not to be construed as 
limitations thereof. 

The abbreviations, symbols and terms used in the 
examples have the following meanings. 

Ac = acetyl 

AIBN = azobisisobutyronitrile 

Anal. = elemental analysis 

aq = aqueous 

Bn or Bzl = benzyl 

Boc = t-butyloxycarbonyl 

Bu = butyl 

n-BuLi = butyllithium 
Calc = calculated 
cone = concentrated 
DCC = dicyclohexylcarbodiimide 
DMAP = 4-dimethylaminopyridine 
DMF = dimethylformamide 
DMSO = dimethyl sulfoxide 
EDC = 1- (3-dimethylaminopropyl) -3 -ethyl- 
car bo diimide hydrochloride 
eq « (molar) equivalent 
Et = ethyl 

EtOAc = ethyl acetate 
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Example 1 

Preparation of 3-(4-tert-butylbenzoyl)amino-N- 
( 4 -me thoxyphanyl ) -2-thiophanecarboxamide. 




A, methyl 3- (4-tert-butylbenzoyl) amino-2-thiophene- 
carboxylate 

A solution of methyl 3-amino-2-thiophenecarboxylate 
(400 mg, 2,54 mmol) and pyridine (0.226 mL, 2.80 mmol) in 
methylene chloride (12 mL) was treated with 4- terfc-butyl- 
benzoyl chloride (0.500 mL, 2.54 mmol). After consumption 
of the starting material, the mixture was concentrated in 
vacuo and the residue dissolved in ethyl acetate and water. 
The organic layer was washed once with water, once with 
saturated sodium chloride solution, dried {magnesium 
sulfate) , and filtered. Concentration and purif ication of 
the residue by flash chromatography (silica gel, 
hexanes/ethyl acetate) yielded 689 mg (85%) of the title 
compound. 
^H-NMR, IR 
MS-FD m/e 317 (M+) 
Analysis for C 17 H 19 N03S. 

Calc: C, 64.33; H, 6.03; N, 4.42. 

Found: C, 64.39; H, 5.98; N, 4.46. 



3- (4-tert-butylbenzoyl)amino-2-thiophenecarboxylic acid 
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A solution of methyl 3- (4- tert-butylbenzol) amindo-2- 
thiophenecarboxylate (9.67 g, 30 mmol) in 1,4-dioxane (75 
mL) was treated with 2 N aqueous sodium hydroxide (75 mL) . 
After 16 h, the mixture was treated with 5 N aqueous 
5 hydrochloric acid until the pH was -2. The mixture was 
poured into ethyl acetate and the layers separated. The 
aqueous layer was washed three times with ethyl acetate and 
the combined extracts were dried (magnesium sulfate), 
filtered, and concentrated in vacuo to yield 8.09 g (89%) of 

10 the title compound. 
iH-NMR, IR 
MS-FD m/e 303 (M+) 
Analysis for C16H17NO3S. 

Calc: C, 63.34; H, 5.65; N, 4.62. 

15 Found: C, 63.56; H, 5.93; N,4.32. 

C. 2 - [4 - ( tert -butyl) phenyl] -4-oxo-4H-thieno[3, 2-d] - 
[1.3]oxazine 

A solution of 3M4-tert-butylbenzoyl)amino-2- 

20 thiophenecarboxylic acid (8.1 g, 27 mmol) in methylene 

chloride (135 mL) was treated with oxalyl chloride (11.8 mL, 
135 mmol) . The mixture was slowly heated to afford a 
homogeneous solution. After 2 h, the mixture was 
concentrated in vacuo and the residue dissolved in methylene 

25 chloride (135 mL) and treated with pyridine (2.2 mL) . After 
1 hr, the mixture was concentrated in vacuo and the residue 
partitioned between ethyl acetate and water. The organic 
layer was washed four times with water, once with saturated 
sodium chloride solution, dried (magnesium sulfate), and 

30 filtered. Concentration and purification of the residue by 
flash chromatography (silica gel, hexanes/ethyl acetate) 
yielded 7.44 g (96%) of the title compound. 
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^H-NMR, IR 



MS-FD m/e 285 (M+) 



Analysis for C16H15NO2S. 

Calc: C, 67.34; H, 5.30; N, 4.91. 
Found: C, 67.51; H, 5.56; N, 4.76. 



D . 3 - ( 4- tert-butylbenzoyl ) amino-N- ( 4-methoxyphenyl ) -2- 
t h i ophenec arb oxami de 

A solution of 2- [4- ( tert -butyl) phenyl] -4-oxo-4H- 

10 thieno[3,2-d] [1.3]oxazine (60 mg, 0.21 mmol) and p-anisidine 
(26 mg, 0.21 mmol) in toluene (1 mL) was treated with 
p-toluenesulfonic acid (4 mg) and the resulting mixture 
heated at relux for 30 h. The mixture was concentrated in 
vacuo and the residue was purified by flash chromatography 

15 (silica gel, hexanes/ethyl acetate) to yield 35 mg (41%) of 
the title compound. 
1 H-NMR 

MS-FD m/e 408 (M+) 
Analysis for C23H24N2O3S. 
20 Calc: C, 67.62; H, 5.92; N, 6.86. 



Example 2 

Preparation of N 3 - (4- tert-butylbenzoyl) -N 2 - (4-methoxy- 
25 benzoyl)-2,3-pyr±dined±aa±ne. 



Found: C, 67.79; H, 5.84; N, 6.77. 
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A. N 3 - ( tert-butoxycarbonyl) -N 2 - (4-methoxy benzoyl ) -2 , 3- 
pyri dine diamine 

A solution of N 3 - ( tert-butoxycarbonyl) -2, 3 -pyridine- 
5 diamine (446 mg, 2.13 mmol) in tetrahydrofuran (7 mL) was 
treated with potassium hexamethyldisilazide (894 mg, 4.48 
mmol) . After 0.1 hr, the mixture was treated with p-anisoyl 
chloride (0.365 mL, 2.13 mmol). After 0.5 hr, the mixture 
was poured into aqueous ammonium chloride solution and ethyl 

10 acetate. The organic layer was washed three times with 

water, once with saturated sodium chloride solution, dried 
(magnesium sulfate), and filtered. Concentration in vacuo 
and purification of the residue by flash chromatography 
(silica gel, hexanes/ethyl acetate) yielded 250 mg (34%) of 

15 the title compound. 
1 H-NMR 

B . N 2 - ( 4-methoxybenzoyl ) -2 , 3 -pyridinediamine 

A solution of N 3 -{ tert-butoxycarbonyl) -N 2 - (4-methoxy- 
20 benzoyl) -2, 3 -pyridinediamine (350 mg, 1.02 mmol) in acetic 
acid (2 mL) at 0 °C was treated with boron trifluoride 
etherate (0.50 mL, 4.1 mmol) . After 2 h, the mixture was 
poured into aqueous sodium bicarbonate and ethyl acetate. 
The aqueous layer was extracted three times with ethyl 
25 acetate and the combined extracts were dried (magnesium 

sulfate) , filtered, and concentrated in vacuo. Purification 
of the residue by chromatography (silica gel, ethyl 
acetate/me thylene chloride) yielded 122 mg (49%) of the 
title compound. 
30 1 H-NMR 
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C . N 3 - ( 4 - ter t-butylbenzoyl ) -N 2 - ( 4-methoxybenzoyl ) -2 , 3 - 
pyridinediaiaine 

A solution of N 2 - (4-methoxybenzoyl) -2, 3 -pyridinediamine 
(92 mg, 0,38 mmol) in tetrahydrofuran (1 mL) was treated 
5 with potassium hexamethyldisilazide (160 mg, 0.80 mmol). 
After 0.25 hr, the mixture was treated with 4-tert- 
butylbenzoyl chloride. After 0.75 hr, the mixture was 
poured into a mixture of aqueous ammonium chloride solution 
and ethyl acetate. The organic layer was washed twice with 

10 water, once with saturated sodium chloride solution, dried 
(magnesium sulfate), and filtered. Concentration in vacuo 
and purification of the residue by flash cromatography 
(silica gel, methylene chloride /ethyl acetate) followed by 
recrystallization from ethyl acetate /hexanes yielded 31 mg 

15 (20%) of the title compound. 
1 H-NMR 

MS-FD m/e 403 (M+) 
Analysis for C24H25N3O3 . 

Calc: C, 71.44; H, 6.24; N, 10.41. 
20 Found: C, 71.28; H, 6.33; N, 10.52. 

Example 3 

Preparation of N 4 - ( 4 - t ert -bu t y lbenzoyl ) -N 3 - ( 4 -ma thoxy- 
benzoyl) -3,4-pyridiaediamine. 

25 




A. N 4 - ( tert-butyloxycarbonyl ) -3 , 4 -pyridinediamine 
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A solution of 3, 4-pyridinediamine (93 0 mg, 8.52 mmol) 
in tetrahydrofuran (20 mL) was treated with water (20 mL) 
and potassium carbonate (2.35 g, 17.0 mmol) followed by 
di-tert-butyl dicarbonate (1.86 g, 8.52 mmol). After 0.75 
5 hr, the mixture was poured into a mixture of ethyl acetate 
and water. The aqueous layer was saturated with sodium 
chloride and extracted several times with ethyl acetate. 
The combined organic extracts were washed with saturated 
sodium chloride solution, dried (magnesium sulfate), and 
10 filtered. Concentration in vacuo and recrystallization from 
hexanes/ethyl acetate yielded 950 mg (53%) of the title 
compound, 
1 H-NMR / IR 
MS-FD m/e 209 (M+) 
15 Analysis for C10H15N3O2. 

Calc: C, 57.40; H, 7.23; N, 20.08. 

Found: C, 57.36; H, 7.19; N, 20.29. 

B . N 4 - ( tert-butyloxycarbonyl) -N 3 - (4-methoxybenzoyl) -3,4- 

20 pyridinediamine 

A solution of N 4 -( tert-butyloxycarbonyl) -3, 4-pyridine- 
diamine (500 mg, 2.40 mmol) and pyridine (0.213 mL, 
2.63 mmol) in methylene chloride (12 mL) was treated with 
p-anisoyl chloride (408 mg, 2.40 mmol). After 0.75 hr, the 

25 mixture was poured into a mixture of ethyl acetate and 1 N 
aqueous sodium hydroxide. The organic layer was washed with 
saturated sodium chloride, dried (magnesium sulfate), and 
filtered. Concentration in vacuo and recrystallization of 
the residue, followed by flash chromatography (silica gel, 

30 hexanes/ethyl acetate) yield d 500 mg (60%) of the title 
compound. 
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^H-NMR, IR 

MS-FD m/e 343 (M+) 

Analysis for C18H21N3O4. 

Calc: C, 62.96; H, 6.16; N, 12.24. 
5 Found: C, 62.18; H, 6.06; N, 11.68. 

C . N 3 - (4-methoxybenzoyl) -3 , 4-pyridinediamine 

A solution of N 4 -( tert-butyloxycarbonyl )-N 3 -( 4-methoxy- 
benzoyl) -3 , 4-pyridinediamine (600 mg, 1.75 mmol) in 
, 10 methylene chloride (8 mL) was treated with trif luoroacetic 
acid (1.35 mL, 17.5 mmol). After 6.5 h, the mixture was 
concentrated and the residue dissolved in water and treated 
with 5 N aqueous sodium hydroxide. The resulting 
precipitate was collected by filtration yielding 325 mg 
15 (76%) of the title compound. 
^H-NMR, IR 
MS-FD m/e 243 (M+) 
Analysis for C13H13N3O2. 

Calc: C, 64.19; H, 5.39; N, 17.27. 
20 Found: C, 63.92; H, 5.28; N, 17.15. 

D. N 4 - (4- tert-butylbenzoyl) -N 3 - (4-methoxybenzoyl) -3,4- 
pyridinediamine 

Using 4- tert-butylbenzoyl chloride and a similar 
25 procedure to that described for Example 2, Part C, 
N 3 - (4-methoxybenzoyl) -3, 4-pyridinediamine (300 mg, 
1.23 mmol) yielded 243 mg (49%) of the title confound. 
iH-NMR, IR 

MS-FD m/e 403 (M+) 
30 Analysis for C24H25N3O3 . 

Calc: C, 71.44; H, 6.25; N, 10.41. 
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Found: C, 71.28; H, 6.16; N, 10.28. 

Example 4 

Prepaxatlon o£ N 3 - (4-tert-butylbenzoyl) -N 4 - (4-methoxy- 
5 benzoyl) -3 , 4-pyr idinediamine . 




A . N 3 - ( 4 - ter t-butylbenzoyl ) -N 4 - ( tert-butyloxycarbonyl ) - 
10 3 , 4-pyr idinediamine 

Using a similar procedure to that described for 
Example 3, Part B, N 4 - ( tert-butyloxycarbonyl) -3 , 4- 
pyridinediamine (450 mg, 2.15 mmol) yielded 516 mg (65%) of 
the title compound. 
15 3-H-NMR, IR 

MS-FD m/e 369 (M+) 
Analysis for C21H27N3O3 . 

Calc: C, 68.27; H, 7.37; N, 11.37. 

Found: C, 68.46; H, 7.38; N, 11.19. 

20 

B . N 3 - ( 4 - ter t-butylbenzoyl ) -3 , 4-pyr idinediamine 
Using a similar procedure to that described for 

Example 3, Part C, N 3 - (4- ter t-butylbenzoyl ) -N 4 - ( tert- 
butyloxycarbonyl) -3 , 4-pyr idinediamine (516 mg, 1.40 mmol) 
25 yielded 324 mg (86%) of the title compound. 
l-H-NMR, IR 
MS-FD m/e 269 (M+) 
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Analysis for C15H19N3O. 

Calc: C, 71.35; H, 7.11; N, 15.60. 
Found: C, 71.01; H, 7.06; N, 14.90. 

5 C. N 3 -{4-tert-butylbenzoyl)-N 4 -(4-methoxybenzoyl)-3,4- 
pyridinediamine 

A solution of N 3 - (4- tert-butylbenzoyl) -3 , 4- 
pyridinediamine (400 mg, 1.49 mmol), pyridine (0.264 mL) , 
and p-anisoyl chloride (0.254 mL, 1.49 mmol) in toluene 
10 (12 mL) was heated at reflux for 3 h. The mixture was 
filtered and the filtrate poured into a mixture of ethyl 
acetate and water. The organic layer was washed three times 
with water, once with saturated sodium chloride solution, 
dried, and filtered. Concentration in vacuo and 
15 purification of the residue by recrystallization 

(methanol/ethyl acetate/hexanes) followed by flash 
chromatography (silica gel, ethyl acetate/methylene 
chloride) yielded 75 mg (13%) of the title compound. 
^H-NMR, IR 
20 HS-FD m/e 403 (M+) 

Analysis for C24H25N3O3 . 

Calc: C, 71.44; H, 6.24; N, .10.41. 
Found: C, 69.90; H, 5.95; N, 10.25. 

25 Example 5 

Preparation of N 2 - (4- tert-butylbenzoyl) -N 3 - (4-methoxy- 
benzoy 1 ) - 2 , 3 -pyridinediamine . 
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A. N2 - (4- fcert-butylbenzoyl) -2 , 3 -pyridinedi amine 
Using a similar procedure to that described for 

5 Example 3, Part B, N 3 - ( tert-butyloxycarbonyl) -2 , 3- 

pyridinediamine (1.00 g, 4.78 mmol) yielded N 2 -(4-tert- 
butylbenzoyl ) -N 3 - ( tert-butyloxycarbonyl ) -2 , 3-pyridinediamine 
(894 mg) . Using a similar procedure to that described for 
Example 2, Part B, this crude material yielded 400 mg (31%) 
10 of the title compound. 
1 H-NMR 

B. N 2 - (4- fcert-butylbenzoyl) -N 3 - (4-methoxybenzoyl) -2,3- 
pyridinediamine 

15 Using a similar procedure to that described for 

Exanple 3, Part C, N 2 - (4- fcert-butylbenzoyl) -2,3- 
pyridinediamine (80 mg, 0.30 mmol) yielded 28 mg (23%) of 
the title compound. 
1 H-NMR 
20 MS-FD m/e 403 (M+) 

Analysis for C24H25N3O3 . 

Calc: C, 71.44; H, 6.25; N, 10.41. 
Found: C, 71.51; H, 6.28; N, 10.31. 

25 Example 6 

Preparation of N 4 - ( 4 -methoxybanzoy 1 ) -N 3 - [ 4 - ( 4 -pyridyl ) - 
benz yl]-3,4-pyridined±amine. 
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A. sodium 4- (4-pyridyl)benzoate 

5 A solution of 4-chloropyridine hydrochloride (3.00 g, 

20.0 mmol), 4-carboxybenzeneboronic acid (4.97 g, 30.0 
mmol), 1 M aqueous sodium carbonate solution (50 mL) , 
l,4-bis(diphenylphosphino) butane palladium(II) dichloride 
(300 mg, 0.70 mmol), and ethanol (10 mL) in toluene (40 mL) 

10 was heated at reflux for 16 h. The mixture was diluted with 
methanol and filtered through diatomaceous earth. The 
filtrate was concentrated in vacuo and the pH was adjusted 
to 14 by the addition of 1 N aqueous sodium hydroxide. 
After heating the filtrate to boiling, the insoluble 

15 material was removed by filtration, and the resulting 
filtrate was allowed to cool to room temperature. The 
resulting precipitate was collected by filtration to yield 
1.83 g (41%) of the title coiqpound. 
^H-NMR 

20 

B. N 4 - ( tert-butyloxycarbonyl) -N 3 - [4- (4-pyridyl) benzoyl] - 
3 , 4-pyridinediamine 

A suspension of sodium 4- (4-pyridyl)benzoate (425 mg, 
1.92 mmol) in methylene chloride was treated with oxalyl 
25 chloride (0.840 mL, 9.60 mmol), followed by 

dimethylformamide (0.01 mL) . After 0.75 h, the mixture was 
concentrated in vacuo. The residue was then dissolved in 
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methylene chloride and added dropwise to a solution of N 4 - 
( tert-butyloxycarbonyl) -3 , 4-pyridinediamine (400 mg, 1.92 
mmol) and pyridine (0.31 mL) in methylene chloride (2 mL) 
and tetrahydrofuran (1 mL) . After 16 h, the mixture was 
5 poured into ethyl acetate and 1 N aqueous sodium hydroxide. 
The organic layer was washed once with 1 N aqueous sodium 
hydroxide, once with saturated sodium chloride solution, 
dried (potassium carbonate) , and filtered. The residue was 
purified by flash chromatography (silica gel, ethyl 

10 acetate/hexanes) to yield 75 mg (10%) of the title compound. 
^H-NMR, IR 
MS-FD m/e 390 (M+) 
Analysis for C22H22 N 4°3 • 

Calc: C, 67.68; H, 5.68; N, 14.35. 

15 Found: C, 66.95; H, 6.03; N, 13.67. 

C . N 3 - [4- (4 -pyr idyl) benzoyl] -3 , 4-pyridinediamine 
Using a similar procedure to that described for 

Example 2, Part B, N 4 - ( tert-butyloxycarbonyl ) -N 3 - [4- 
20 (4-pyr idyl) benzoyl] -3, 4-pyridinediamine (95 mg, 0.23 mmol) 
yielded 55 mg (82%) of the title compound. 
1 H-NMR 

D . N 4 - ( 4-methoxybenzoy 1 ) -N 3 - [ 4 - ( 4-pyr idyl ) benzoyl ] -3, 4- 
25 pyridinediamine 

Using 4-methoxybenzoyl chloride and a similar procedure 
to that described for Example 2, Part C, N 3 - [4- (4-pyridyl) - 
benzoyl] -3, 4-pyridinediamine (55 mg, 0.19 mmol) yielded 3.2 
mg (4%) of the title compound. 
30 iH-NMR 

MS-FD m/e 424 (M+) 



WO 99/00126 



PCT/US98/13384 



- 51 - 
Examples 7*3 

The following procedure was use in Examples 7-9: 

5 

To a small glass vial with a Teflon lined cap was added 
a 1,2-diamino aromatic compound (about 0.25 mmol) in 
tetrahydrofuran (3 mL) , followed by poly ( 4-vinylpyridine) 
(250 mg, 1 mmol) and p-anisoyl chloride (0.625 mmol). After 

10 agitating this mixture for 24 h on a platform shaker, 

aminomethylated polystyrene (1 g, 1 mmol) was added and 
agitation continued for another 8 h. The solution was 
filtered and concencentrated in vacuo, and the residue 
triturated with diethyl ether. The resulting solid was 

15 filtered and dried in vacuo to give approximately 50 mg of 
the title compound. 

Example 7 

5 -Bromo- 6 -methyl -N 2 , N 3 -bis ( 4 -methoxybenzoyl ) -2 , 3 -pyridine- 
20 diamine* 




MS-FD m/e 471 (M+) . 
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MS-FD m/e 377 (M+) . 




Example 10 

Preparation of 3 - ( 4 -Methoxybenzoyl ) amino -N- ( 4 -mathoxy- 
phenyl ) -2 - indolecarboxamide . 
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OMe 




NH 



OMe 



A. 3-(4-methoxybenzoyl)amino-2-indolecarboxylic acid ethyl 
ester 

To a solution of 3-amino-2-indolecarboxylic acid ethyl 
ester (500 mg, 2.45 mmol) and triethylamine (272 mg, 2.70 
mmol) in methylene chloride (5 mL) was added anisoyl 
chloride (418 mg, 2.45 mmol). The resulting mixture was 
stirred for 18 h at room temperature. The reaction mixture 
was diluted with ethyl acetate and washed with water. The 
organic phase was washed with 1 N aqueous hydrochloric acid, 
dried (sodium sulfate), filtered, and concentrated in vacuo 
to provide a yellow solid. Recrystallization from 
hexane/ethyl acetate provided 780 mg (94%) of the title 
compound as a yellow solid. 
^H-NMR, IR 
MS-FD m/e 338 (M+) 
Analysis for C19H18N2O4. 

Calc: C, 67.44; H, 5.36; N, 8.28. 

Found: C, 67.46; H, 5.35; N, 8.16. 

B . 3- ( 4-methoxybenzoyl ) amino-2-indolecarboxylic acid 
To a solution of 3- (4-methoxybenzoyl) amino-2 -indole- 

carboxylic acid ethyl ester (720 mg, 2.13 mmol) in 
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tetrahydrofuran (7 mL) was added 5 N aqueous sodium 
hydroxide (2 mL). The resulting mixture was stirred for 
10 h at room temperature. An additional portion of 5 N 
aqueous sodium hydroxide (5 mL) was added and the mixture 
heated at 60 °C for 5 h. The mixture was cooled to room 
temperature, stirred for 10 h, diluted with water, and 
extracted with diethyl ether. The aqueous layer was 
acidified with concentrated hydrochloric acid and extracted 
with three fresh portions of ethyl acetate. The combined 
ethyl acetate fractions were dried (sodium sulfate), 
filtered, and concentrated in vacuo to provide 450 mg (68%) 
of the title compound as a yellow solid. 
l-H-NMR, IR 
MS-FD m/e 310 (M+) 
Analysis for C17H14N2O4. 

Calc: C, 65.80; H, 4.55; N, 9.03. 

Found: C, 64.70; H, 4.66; N, 8.59. 

C. 3- (4-methoxybenzoyl) amino-N- (4-methoxyphenyl) -2- 
indo 1 ec arboxami de 

To a solution p-anisidine (79 mg, 0.645 mmol) in 
methylene chloride (5 mL) was added 3- (4-methoxybenzoyl) - 
amino-2-indolecarboxylic acid (200 mg, 0.645 mmol), 
1- ( 3-dimethylaminopropyl ) -3 -ethylcarbodiimide hydrochloride 
(247 mg, 1.29 mmol), and 4-dimethylaminopyridine (8.0 mg, 
0.065 mmol). The resulting solution was stirred at room 
temperature for 6 h. The resulting precipitate was 
collected via vacuum filtration to provide 3 8 mg (14%) of 
the title compound as a white solid. 
1 H-NMR, IR 
MS-FD m/e 415 (M+) 



WO 99/00126 PCT/US98/13384 

- 55 - 

Analysis for C24H21N3O4, 

Calc: C, 69.39; H, 5.10; N, 10.11. 
Found: C, 68.68; H, 4.96; N, 10.15.. 

5 Example 11 

Preparation of N 4 - [ ( 4 -Dimethylamino) benzoyl] -N 3 - (4-methoxy- 
benzoyl ) - 3 , 4 -pyridinediamine • 



20 



On 





10 A. 4- (Dimethylamirio) benzoyl chloride 

A solution of 4- ( dimethyl amino) benzoic acid and thionyl 
chloride in methylene chloride was refluxed 4 h. Volatile 
solvents were removed in vacuo to yield 1.10 g of 
4- ( dime thylamino) benzoyl chloride. This material was used 

15 in subsequent reactions without purification. 

B. N 4 - [ (4-Dimethylamino) benzoyl] -N 3 - (4-methoxybenzoyl) - 
3 , 4 -pyr i dinedi amine . 

To a solution of N 3 - (4-methoxybenzoyl) -3 , 4-pyridine- 
diamine (193 mg, 0.79 mmol) and 4- (dime thy lamino) benzoyl 
chloride (183 mg, 1.00 mmol) in 5 mL methylene chloride was 
added 0.5 mL pyridine and a catalytic amount of 4- 
dimethylaminopyridine . The mixture was stirred 16 h at 
ambient temperature under nitrogen then partitioned between 
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methylene chloride and saturated sodium hydrogen carbonate 
solution. The organic portion was dried over magnesium 
sulfate and concentrated in vacuo. The residue was 
dissolved in ethyl acetate and hexane added until cloudy. 
5 The mixture was sonicated inducing crystallization. The 
solid was collected by filtration and dried under vacuum to 
yield 306 mg (99%) of the title compound. 
MS, Ion spray, m/e: 391(p+l). 
Analysis for C22H22 N 4°3 • 
10 Calc: C, 67.58; H, 5.68; N, 14.35. 

Found: C, 67.19; H, 6.01; N, 13.79. 
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What is claimed is: 

1. A method of inhibiting factor Xa comprising using 
an effective amount of a factor Xa inhibiting compound of 
formula I 



wherein 

10 A 3 , A 4 , A 5 and A 6 , together with the two. carbons to 

which they are attached, con^lete a substituted 
heteroaromatic ring in which 

(a) one of A 3 , A 4 , A 5 and A 6 is N, and each of the others 
is CR 3 , CR 4 , CR 5 or CR 6 , respectively; 
15 (b) two adjacent residues of A 3 , A 4 , A 5 and A 6 together 
form S, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 
respectively; 

(c) two non-adjacent residues of A 3 , A 4 , A 5 and A 6 are each 
N, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 

20 respectively; or 

(d) A 3 and A 4 together form a fused benz ring, and A 5 and 
A 6 together form -NH-; 

wherein 

each of R 3 , R 4 , r5 and R 6 is hydrogen, or one or two of 
25 R 3 , R 4 , r5 and R 6 is independently chloro, bromo or methyl 
and the others are hydrogen; 

L 1 is -NH-CO- or -CO-NH- such that -L 1 -Q 1 is -NH-CO-Q 1 
or -CO-NH-Q 1 /' 

Q 1 is phenyl, 2- fur anyl, 2-thienyl, 4-thiazolyl, 
2-pyridyl, 2-naphthyl, 1,2-dihydrob nzofuran-5-yl, 
l,2-dihydrobenzofuran-6-yl or l,2-benzisoxazol-6-yl in which 
the phenyl may bear a 2-fluoro substituent or may bear one, 
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two or three substituents at the 3-, 4- or 5 -posit ion (s) 
independently selected from halo, cyano, carbamoyl, 
aminomethyl, methyl, methoxy, dif luoromethoxy, 
hydroxymethyl, formyl, vinyl, amino, hydroxy and 
5 3 , 4-methylenedioxy, the 2-furanyl or 2-thienyl may bear a 
chloro or methyl substituent at the 5-position, the 
4-thiazolyl may bear an amino substituent at the 2-position, 
the 2-pyridyl may bear an amino substituent at the 
6-position, and the 1, 2-benzisoxazol-6-yl may bear a chloro 
10 or methyl substituent at the 3 -position; or -CO-Q 1 is 
cyclopentenylcarbonyl or cyclohexenylcarbonyl; 

R2 is -L 2 A-Q 2 \ _ L 2B_ Q 2B f _ L 2C_ Q 2C or _ L 2D_ Q 2D whe rein 

L 2A is a direct bond; and 

Q 2A is 




in which D is carbonyl or -CHR k - in which R k is hydrogen, 
hydroxy, (l-6C)alkoxy or -CH 2 -Rli in which is carboxy, 
[ (l-4C)alkoxy] carbonyl or carbamoyl which may bear one or 
20 two (l-2C)alkyl substituents on the nitrogen; and one of R m 
and R n is hydrogen and the other is amino, bromo, 
(l-4C)alkyl or (1-4C) alkoxy, or R m and R n together form a 
benz ring; 

L 2B is -NH-CO-, -0-CO-, -CH 2 -0- or -0-CH 2 - such that 
25 -l 2b -q2B is -nh-CO-Q 2b , -0-CO-Q 2B , -CH 2 -0-Q 2B or -0-CH 2 -Q 2B ; 
and 

Q 2B is 
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in which R° is hydrogen, halo, (l-6C)alkyl, (1-4C) alkoxy, 
benzyloxy or ( 1-4C) alkylthio; and RP is 1 -hydroxy ethyl, 
1 -hydroxy- 1 -me thy le t hy 1 , 1 -me thoxy- 1 -me t hy le thy 1 , 
5 4-piperidinyl, 4-pyridinyl, dimethylaminosulf onyl or -J-R<3 
in which J is a single bond, methylene, carbonyl, oxo, 
-S(0) q - (wherein q is 0, 1 or 2), or -NR r - (wherein R r is 
hydrogen or methyl); and R<3 is (l-6C)alkyl, phenyl, 
3-pyridyl or 4-pyridyl; 

10 L 2C is -NR v -CO-X-, -NR V -CS-Y-, -CH 2 -CO-NR w -CH 2 - , 

-0-C0-, -0-CH 2 -, -S-CH 2 - or -CH 2 -NR X -CH 2 - such that -L 2 C_q2C 
is -NR v -CO-X-Q 2 C # - NR v^ cs .y. Q 2C / -CH 2 -CO-NR w -CH 2 -Q 2c , 
-O-CO-Q 2 ^, -0-CH 2 -Q 2c , -S-CH 2 -Q 2C or -CH 2 -NR X -CH 2 -Q 2 C i n 
which X is -(CH 2 ) X - (wherein x is 0, 1 or 2), -NR W -, 

15 -NR W -CH 2 - , -0-, -0-CH 2 - or -S-CH 2 -; Y is -NR W -CH 2 - or 

-0-CH 2 -; each of R v and R w is independently hydrogen, benzyl 
or (l-6C)alkyl which is not branched at the a-position; and 
R x is hydrogen, benzyloxycarbonyl or [ (1-4C) alkoxy] carbonyl; 
and 

20 Q^C i s 1- ( 4-pyridyl )piperidin-4-yl, 1- (4-pyridyl) - 

piperidin-3-yl or 1- ( 4-pyridyl )pyrrolidin-3-yl in which the 
pyridyl may bear a substituent at its 2-position selected 
from cyano, aminomethyl, carboxy, hydroxyxnethyl and 
(l-2C)alkyl; 

25 L 2D is -NH-CO- such that -L 2D -Q 2D is -NH-CO-Q 2D ; and 

Q 2D is selected from 4- (4-pyridinyl) benzyloxy, 9-oxo- 
9H-fluoren-3-yl, benzo [b] thiophen-2-yl (which may bear a 
. chloro, methyl or methoxy substituent), benzofuran-2-yl 
(which may bear a chloro, methyl or methoxy substituent) , 

30 4- (4-morpholinyl)-4-oxobutyl, and 4-piperidinyl or 
3,4-didehydropiperidin-4-yl (either one bearing a 
substituent at the 1-position selected from methylsulf onyl, 
phenylsulfonyl, (l-5C)alkyl, (4-7C) cycloalkyl, tetrahydro- 
pyran-4-yl, 4-thiacyclohexyl and -CH 2 -R Z in which R* is 
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isopropyl, cyclopropyl, phenyl, furyl, thienyl, 2-thiazolyl, 
or pyridyl in which the phenyl may bear one or two 
substituents independently selected from halo, cyano, 
hydroxy, methoxy, acetoxy, benzyloxy, amino, acetylamino, 
5 nitro and 3 , 4-methylenedioxy, and the thienyl or furyl may 
bear a methyl or nitro substituent) ; 

or a prodrug of the compound of formula I; 

or a pharmaceutical^ acceptable salt of the compound 
of formula I or prodrug thereof. 

10 

2. The method of claim 1 in which the factor Xa 
inhibiting compound of formula I is one wherein 

A 3 , A 4 , A 5 and A 6 , together with the two carbons to 
which they are attached, complete a substituted 
15 heteroaromatic ring in which 

(a) one of A 3 , A 4 , A 5 and A 6 is N, and each of the others 
is CR 3 , CR 4 , CR 5 or CR 6 , respectively; 

(b) two adjacent residues of A 3 , A 4 , A 5 and A 6 together 
form S, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 

20 respectively; 

(c) two non-adjacent residues of A 3 , A 4 , A 5 and A 6 are each 
N, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 
respectively; or 

(d) A 3 and A 4 together form a fused benz ring, and A 5 and 
25 A 6 together form -NH-; 

wherein 

each of R 3 , R 4 , R 5 and R 6 is hydrogen, or one or two of 
R 3 , R 4 , R 5 and R 6 is independently chloro, bromo or methyl 
and the others are hydrogen; 
3 0 L 1 is -NH-CO- or -CO-NH- such that -L 1 -Q 1 is -NH-CO-Q 1 

or -CO-NH-Q 1 '' 

Q 1 is phenyl, 2-thienyl, 4-thiazolyl, 2-pyridyl, 
2-naphthyl or 1, 2-benzisoxazol-6-yl in which the phenyl may 
bear one, two or three substituents at the 3-, 4- or 
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S-position(s) independently selected from halo, cyano, 
carbamoyl, aminomethyl, methyl, methoxy, hydroxymethyl, 
formyl, vinyl, amino, hydroxy and 3 , 4-methylenedioxy, the 
2-thienyl may bear a chloro or methyl substituent at the 
5 5-position, the 4-thiazolyl may bear an amino substituent at 
the 2-position, the 2-pyridyl may bear an amino substituent 
at the 6-position, and the 1, 2-benzisoxazol-6-yl may bear a 
chloro or methyl substituent at the 3 -position; 

R2 is -. L 2A. Q 2A / - L 2B. q 2B / - L 2C_ Q 2C or - L 2D_ Q 2D wherein 
10 L2A i s 

a direct bond; and 

Q 2A is 




in which D is carbonyl or -CHR k - in which R k is hydrogen, 
15 hydroxy, (l-6C)alkoxy or -CH 2 -R3 in which R3 is carboxy, 
[ (1-4C) alkoxy] carbonyl or carbamoyl which may bear one or 
two (l-2C)alkyl substituents on the nitrogen; and one of R m 
and R n is hydrogen and the other is amino, bromo, 
(l-4C)alkyl or (1-4C) alkoxy, or R m and R n together form a 
20 benz ring; 

L 2B is -NH-CO-, -0-CO-, -CH 2 -0- or -0-CH 2 - such that 
-L 2B -Q 2B is -NH-CO-Q 2B , -0-CO-Q 2B , -CH 2 -0-Q 2B or -0-CH 2 -Q 2B ; 
and 

Q 2B is 



25 




in which R° is hydrogen, halo, (l-6C)alkyl, (1-4C) alkoxy, 
benzyloxy or (1-4C) alkylthio; and RP is 1-hydroxyethyl, 
1-hydroxy-l-methylethyl, 1 -me thoxy-1 -methyl ethyl, 
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4-piperidinyl, 4-pyridinyl, dime thy 1 amino su If onyl or -J-R<3 
in which J is a single bond, methylene, carbonyl/ oxo, 
-S(0) g - (wherein q is 0, 1 or 2), or -NR r - (wherein R r is 
hydrogen or methyl); and R<3 is (l-6C)alkyl, phenyl, 
5 3 -pyridyl or 4-pyridyl; 

L 2C is -NR v -CO-X-, -NR V -CS-Y-, -CH 2 -CO-NR w -CH 2 - , 
-0-CO-, -0-CH 2 -, -S-CH 2 - or -CH 2 -NR X -CH 2 - such that -L 2C -Q 2 C 
is -NR v -CO-X-Q 2c , -NR V -CS-Y-Q 2C , -CH 2 -CO-NR w -CH 2 -Q^ , 
-O-CO-Q 2 ^, -0-CH 2 -Q 2 C, -S-CH 2 -Q 2 C or -CH 2 -NR X -CH 2 -Q 2 C in 

10 which X is -(CH 2 ) X - (wherein x is 0, 1 or 2), -NR W -CH 2 -, 
-0-CH 2 - or -s-CH 2 -; Y is -NR W -CH 2 - or -0-CH 2 -; each of R v 
and R w is independently hydrogen, benzyl or (l-6C)alkyl 
which is not branched at the a-position; and R x is hydrogen, 
benzyloxy carbonyl or [ (1-4C) alkoxy] carbonyl; and 

15 Q 2C is l-{ 4-pyridyl )piperidin-4-yl in which the pyridyl 

may bear a substituent at its 2-position selected from 
cyano, aminomethyl, carboxy, hydroxymethyl and (l-2C)alkyl; 
L 2D is -NH-CO- such that -L 2D -Q 2D is -NH-C0-Q 2D ; and 
Q 2D is selected from 4- (4-pyridinyl) benzyloxy, 9-oxo- 

20 9H-fluoren-3-yl, benzo [b] thiophen-2-yl (which may bear a 
chloro, methyl or methoxy substituent) , benzofuran-2-yl 
(which may bear a chloro, methyl or methoxy substituent), 
4- (4-morpholinyl)-4-oxobutyl, and 4-piperidinyl bearing a 
substituent at the 1-position selected from methylsulf onyl, 

25 phenylsulfonyl and -CH 2 -R Z in which R z is isopropyl, 

cyclopropyl, phenyl, furyl, thienyl, 2-thiazolyl, or pyridyl 
in which the phenyl may bear one or two substituents 
independently selected from halo, cyano, hydroxy, methoxy, 
acetoxy, benzyloxy, amino, acetylamino, nitro and 

30 3, 4-methylenedioxy, and the thienyl or furyl may bear a 
methyl or nitro substituent; 

or a prodrug of the compound of formula I; 
or a pharmaceutical^ acceptable salt of the coirpound 
of formula I or prodrug thereof. 
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3 . The method of Claim 1 or 2 wherein for an alkyl 
group or the alkyl portion of an alkyl containing group, 
(1-2C) alkyl is methyl or ethyl; (1-4C) alkyl is methyl, 

5 ethyl, propyl, isopropyl, butyl, isobutyl, or t-butyl; 
(1-6C) alkyl is methyl, ethyl, propyl, butyl, pentyl or 
hexyl; and halo is bromo or chloro. 

4 . The method of Claim 3 wherein for an alkyl group 
10 or the alkyl portion of an alkyl containing group, 

(l-2C)alkyl is methyl; (l-4C)alkyl is methyl, isopropyl, 
butyl or t-butyl; (1-6C) alkyl is methyl, butyl or hexyl; and 
halo is chloro. 

15 5. The method of any of the above Claims 1-4 wherein 

R 2 is selected from -L 2A -Q 2A , -NH-CO-Q 23 , -NR v -CO-X-Q 2c , 
-NR V -CS-Y-Q 2 C, and -NH-CO-Q 2D . 

6. The method of any of the above Claims 1-5 wherein 
20 the compound of formula I is a pyridine in which one of A 3 , 

A 4 , A 5 and A 6 is N, and each of the others is CR 3 , CR 4 , CR 5 
or CR 6 , respectively. 

7. The method of any of the above Claims 1-6 wherein 
25 the compound of formula I is a thiophene in which the two 

adjacent residues A 5 and A 6 together form S, and A 3 and A 4 
are CR 3 and CR 4 , respectively. 

8. The method of any of the above Claims 1-6 wherein 
30 the compound of formula I is an indole in which the two 

adjacent residues A 5 and A 6 together form -NH-, and A 3 and 
A 4 together form a fused benz ring. 
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9. The method of Claim 6 wherein A 4 is N, and each of 
R 3 , R5 and R 6 is hydrogen. 

10. The method of any of the above Claims 1-9 wherein 
5 Q 1 is 4-methoxyphenyl . 

11. The method of any of the above Claims 1-10 wherein 
R 2 is ( 4-t-butylbenzoyl ) amino , ( 4-methoxybenzoyl ) amino , 

[ 4- (4-pyridyl) benzoyl] amino or [1- (4-pyridyl) piper idin- 4- 
. 10 yl]methoxycarbonylamino. 

12. The method of any of the above Claims 1-11 wherein 
iA-Q 1 is -NH-CO-Q 1 . 

15 13- The method of any of the above Claims 1-11 wherein 

IjI-Q 1 is -CO-NH-Q 1 . 

14. A novel compound of formula I 



20 




I 



wherein 

A 3 , A 4 , A 5 and A 6 , together with the two carbons to 
which they are attached, coxtgplete a substituted 
25 heteroaromatic ring in which 

(a) one of A 3 , A 4 , a5 and A 6 is N, and each of the others 
is CR 3 , CR 4 , CR 5 or CR 6 , respectively; 

(b) two adjacent residues of A 3 , A 4 , A 5 and A 6 together 
form S, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 

30 respectively; 
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(c) two non-adjacent "residues of A 3 , A 4 , A 5 and A 6 are each 
N, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 
respectively; or 

(d) A 3 and A 4 together form a fused benz ring, and A 5 and 
5 A 6 together form -NH-; 

wherein 

each of R 3 , R 4 , R 5 and R 6 is hydrogen, or one or two of 
R 3 , R 4 , R 5 and R 6 is independently chloro, bromo or methyl 
and the others are hydrogen; 
10 L 1 is -NH-CO- or -CO-NH- such that -lA-Q 1 is -NH-CO-Q 1 

or -CO-NH-Q 1 ; 

Q 1 is phenyl, 2-furanyl, 2-thienyl, 4-thiazolyl, 
2-pyridyl, 2-naphthyl, 1, 2-dihydrobenzofuran-5-yl, 
l,2-dihydrobenzofuran-6-yl or 1, 2-benzisoxazol-6-yl in which 
15 the phenyl may bear a 2-fluoro substituent or may bear one, 
two or three substituents at the 3-, 4- or S-position(s) 
independently selected from halo, cyano, carbamoyl, 
aminomethyl, methyl, methoxy, dif luoromethoxy, 
hydroxymethyl, formyl, vinyl, amino, hydroxy and 
20 3,4-methylenedioxy, the 2- fur any 1 or 2-thienyl may bear a 
chloro or methyl substituent at the 5-position, the 
4-thiazolyl may bear an amino substituent at the 2-position, 
the 2-pyridyl may bear an amino substituent at the 
6-position, and the 1, 2-benzisoxazol-6-yl may bear a chloro 
25 or methyl substituent at the 3 -position; or -CO-Ql is 
cyclopentenylcarbonyl or cyclohexenylcarbonyl; 

R 2 is - L 2A- Q 2A, _ l 2B_ q 2B # - L 2C_ q 2C or _ l 2D_q2D whe rein 
L 2A is a direct bond; and 
Q 2A is 



30 
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in which D is carbonyl or -CHR k - in which R k is hydrogen, 
hydroxy, (1-6C) alkoxy or -CH 2 -R3 in which R3 is carboxy, 
[ (1-4C) alkoxy] carbonyl or carbamoyl which may bear one or 
two (l-2C)alkyl substituents on the nitrogen; and one of R m 
5 and R n is hydrogen and the other is amino, bromo, 

(l-4C)alkyl or (1-4C) alkoxy, or R m and R n together form a 
benz ring; 

L 2B is -NH-CO-, -0-CO-, -CH 2 -0- or -0-CH 2 - such that 
_ L 2B_ Q 2B is -nh-CO-Q 2b , -0-CO-Q 2B , -CH 2 -0-Q 2B or -0-CH 2 -Q 2B ; 
10 and 

Q 2B is 




in which R° is hydrogen, halo, (l-6C)alkyl, (1-4C) alkoxy, 

15 benzyloxy or (1-4C) alkylthio; and RP is 1-hydroxyethyl, 
1-hydroxy-l-methylethyl, 1-methoxy-l-methylethyl, 
4-piperidinyl, 4-pyridinyl, dime thy laminosulf onyl or -J-R<3 
in which J is a single bond, methylene, carbonyl, oxo, 
-S(0) q - (wherein q is 0, 1 or 2), or ~NR r - (wherein R r is 

20 hydrogen or methyl); and R<3 is (l-6C)alkyl, phenyl, 
3-pyridyl or 4-pyridyl; 

* L 2C is -NR v -CO-X- , -NR^-CS-Y-, -CH 2 -CO-NR w -CH 2 - , 
-0-CO-, -0-CH 2 -, -S-CH 2 - or -CH 2 -NR X -CH 2 - such that -l^C-Q 2 ^ 
is -NRV-C0-X-Q 2c , -NRV-CS-Y-Q 2C , -CH 2 -CO-NR w -CH 2 -Q 2C , 

25 -0-CO-Q 2c , -0-CH 2 -Q 2C , -S-CH 2 -Q 2C or -CH 2 -NR X -CH 2 -Q 2 C in 
which X is - (CH 2 ) X - (wherein x is 0, 1 or 2), -NR W -, 
-NR W -CH 2 -, -0-, -0-CH 2 - or -S-CH 2 -; Y is -NR W -CH 2 - or 
-0-CH 2 -; each of R v and R w is independently hydrogen, benzyl 
or (l-6C)alkyl which is not branched at the cc-position; and 

30 rx is hydrogen, benzyloxy carbonyl or [ (1-4C) alkoxy] carbonyl; 
and 
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Q 2C is l-( 4 -pyridyl) piper idin-4-yl, 1- (4-pyridyl) - 
piper idin-3-yl or 1- (4-pyridyl )pyrrolidin-3-yl in which the 
pyridyl may bear a substituent at its 2-position selected 
from cyano, aminomethyl, car boxy, hydroxymethyl and 
5 (l-2C)alkyl; 

L 2D is -NH-CO- such that -l 2d -q2D £ s -nh-CO-Q 2d ; and 

Q 2D is selected from 4- (4-pyridinyl)benzyloxy, 9-oxo- 
9H-fluoren-3-yl, benzo[b] thiophen-2-yl (which may bear a 
chloro, methyl or methoxy substituent), benzofuran-2-yl 
10 (which may bear a chloro, methyl or methoxy substituent), 
4-(4-morpholinyl)-4-oxobutyl, and 4-piperidinyl or 
3 , 4-didehydropiperidin-4-yl (either one bearing a 
substituent at the 1-position selected from methylsulf onyl, 
phenylsulfonyl, (l-5C)alkyl, (4-7C) cycloalkyl, tetrahydro- 
15 pyran-4-yl, 4-thiacyclohexyl and -CH 2 -R Z in which R z is 

isopropyl, cyclopropyl, phenyl, furyl, thienyl, 2-thiazolyl, 
or pyridyl in which the phenyl may bear one or two 
substituents independently selected from halo, cyano, 
hydroxy, methoxy, acetoxy, benzyloxy, amino, acetylamino, 
20 nitro and 3 , 4-methylenedioxy, and the thienyl or furyl may 
bear a methyl or nitro substituent) ; 

or a prodrug of the compound of formula I; 

or a pharmaceutical^ acceptable salt of the compound 
of formula I or prodrug thereof. 

25 

15. The compound of Claim 14 wherein 
A 3 , A 4 , A 5 and A 6 , together with the two carbons to 
which they are attached, complete a substituted 
heteroaromatic ring in which 
30 (a) one of A 3 , A 4 , A 5 and A 6 is N, and each of the others 
is CR 3 , CR 4 , CR 5 or CR 6 , respectively; 

(b) two adjacent residues of A 3 , A 4 , A 5 and A 6 together 
form S, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 
respectively; 
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(c) two non-adjacent residues of A 3 , A 4 , A 5 and A 5 are each 
N, and each of the others is CR 3 , CR 4 , CR 5 or CR 6 , 
respectively; or 

(d) A 3 and A 4 together form a fused benz ring, and A 5 and 
5 A 6 together form -NH-; 

wherein 

each of R 3 , R 4 , R 5 and R 6 is hydrogen, or one or two of 
R 3 , R 4 , R 5 and R 6 is independently chloro, bromo or methyl 
and the others are hydrogen; 

10 L 1 is -NH-CO- or -CO-NH- such that -L 1 -Q 1 is -NH-CO-Q 1 

or -CO-NH-Q 1 ' 

Q 1 is phenyl, 2-thienyl, 4-thiazolyl, 2-pyridyl, 
2-naphthyl or 1, 2-benzisoxazol-6-yl in which the phenyl may 
bear one, two or three substituents at the 3-, 4- or 

15 S-position(s) independently selected from halo, cyano, 
carbamoyl, aminomethyl, methyl, methoxy, hydroxymethy 1 , 
formyl, vinyl, amino, hydroxy and 3 , 4-methylenedioxy, the 
2-thienyl may bear a chloro or methyl substituent at the 
5-position, the 4-thiazolyl may bear an amino substituent at 

20 the 2 -position, the 2-pyridyl may bear an amino substituent 
at the 6-position, and the 1, 2-benzisoxazol-6-yl may bear a 
chloro or methyl substituent at the 3 -position; 

R 2 is -L2A-Q2A, _ L 2B_ Q 2B, - L 2C_ Q 2C or - L 2D_ Q 2D wherein 

L 2A is a direct bond; and 
25 q2A is 




in which D is carbonyl or -CHR k - in which R k is hydrogen, 
hydroxy, (l-6C)alkoxy or -CH2-R3 in which R3 is carboxy, 
30 t d-4C)alkoxy] carbonyl or carbamoyl which may bear one or 

two (l-2C)alkyl substituents on the nitrogen; and one of R m 
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10 



15 



20 



25 



and R n is hydrogen and the other is amino, bromo, 
(l-4C)alkyl or (1-4C) alkoxy, or R m and R n together form a 
benz ring; 

L 2B is -NH-CO-, -0-CO-, -CH 2 -0- or -0-CH 2 - such that 
_ L 2B_ Q 2B is . NH . C0 ^ Q 2B / -Q-CO-Q2B, -cH 2 -0-q2B or . 0 -CH 2 -Q 2B ; 



in which R° is hydrogen, halo, (l-6C)alkyl, ( 1-4C) alkoxy, 
benzyloxy or (l-4C)alkylthio; and RP is 1-hydroxyethyl, 
1-hydroxy-l-methylethyl , 1 -me thoxy-1 -methyl ethyl , 
4-piperidinyl, 4-pyridinyl, dimethylaminosulfonyl or -J-RS 
in which J is a single bond, methylene, carbonyl, oxo, 
-S(0) q - (wherein q is 0, 1 or 2) , or -NR r - (wherein R r is 
hydrogen or methyl); and R<3 is (l-6C)alkyl, phenyl, 
3-pyridyl or 4-pyridyl; 

L 2C is -NR v -CO-X-, -NR V -CS-Y-, -CH 2 -CO-NR w -CH 2 - ' 
-O-CO-, -0-CH 2 -, -S-CH 2 - or -CH 2 -NR X -CH 2 - such that -L 2C -Q 2C 
is -NRV-CO-X-Q 2 ^, -NRV-CS-Y-Q 2 ^, -CH 2 -CO-NR w -CH 2 -Q 2C , 
-0-CO-Q2C / -0-CH 2 -Q 2C , -S-CH 2 -Q 2C or -CH 2 -NR X -CH 2 -Q 2 C in 
which X is -(CH 2 ) X - (wherein x is 0, 1 or 2), -NR W -CH 2 -, 
-0-CH 2 - or -S-CH 2 -; Y is -NR W -CH 2 - or -0-CH 2 -; each of R v 
and R w is independently hydrogen, benzyl or (l-6C)alkyl 
which is not branched at the a-position; and R x is hydrogen, 
benzyloxycarbonyl or [ (1-4C) alkoxy] carbonyl; and 

Q 20 is l-(4-pyridyl)piperidin-4-yl in which the pyridyl 
may bear a substituent at its 2-position selected from 
cyano, aminomethyl, car boxy, hydroxymethyl and (l-2C)alkyl; 

L 2D is -NH-CO- such that -l 2d -Q 2d is -NH-CO-Q 20 ; and 

Q 2D is selected from 4- (4-pyridinyl) benzyloxy, 9-oxo- 
9H-fluoren-3-yl, benzo[b] thiophen-2-yl (which may bear a 



and 



Q 2B is 
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chloro, methyl or methoxy substituent) , benzofuran-2-yl 
(which may bear a chloro, methyl or methoxy substituent) , 
4- (4-morpholinyl)-4-oxobutyl, and 4-piperidinyl bearing a 
substituent at the 1 -position selected from methylsulf onyl, 
5 phenylsulfonyl and -CH 2 -R 2 in which R z is isopropyl, 

cyclopropyl, phenyl, furyl, thienyl, 2-thiazolyl, or pyridyl 
in which the phenyl may bear one or two substituents 
independently selected from halo, cyano, hydroxy, methoxy, 
acetoxy, benzyloxy, amino, acetylamino, nitro and 
10 3 , 4-methylenedioxy, and the thienyl or furyl may bear a 
methyl or nitro substituent; 

or a prodrug of the compound of formula I; 

or a pharmaceutical^ acceptable salt of the compound 
of formula I or prodrug thereof. 

15 

16. The compound of Claim 14 or 15 wherein for an 
alkyl group or the alkyl portion of an alkyl containing 
group, (1-2C) alkyl is methyl or ethyl; (1-4C) alkyl is 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, or t- 
20 butyl; (1-6C) alkyl is methyl, ethyl, propyl, butyl, pentyl 
or hexyl; and halo is bromo or chloro. 



17. The compound of Claim 16 wherein for an alkyl 
group or the alkyl portion of an alkyl containing group, 

25 (l-2C)alkyl is methyl; (l-4C)alkyl is methyl, isopropyl, 

butyl or t -butyl; (1-6C) alkyl is methyl, butyl or hexyl; and 
halo is chloro. 

18. The compound of any of the above Claims 14-17 
30 wherein R2 i s selected from -L 2A -Q 2A , * -NH-CO-Q 2B , 

-NRV-CO-X-Q2C, -NR V -CS-Y-Q 2C , and -NH-CO-Q 2 ^. 

19. The compound of any of the above Claims 14-18 
wherein the compound of formula I is a pyridine in which one 
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of A 3 , A 4 , A 5 and A 6 is N, and each of the others is CR 3 , 
CR 4 , CR 5 or CR 6 , respectively. 

20. The compound of any of the above Claims 14-19 
wherein the compound of formula I is a thiophene in which 
the two adjacent residues A 5 and A* together form S, and A 3 
and A 4 are CR 3 and CR 4 , respectively. 

21. The compound of any of the above Claims 14-19 
wherein the compound of formula I is an indole in which the 
two adjacent residues A 5 and A 6 together form -NH-, and A 3 
and A 4 together form a fused benz ring. 

22 . The compound of Claim 19 wherein A 4 is N, and each 
of R 3 , R 5 and R 6 is hydrogen. 

23 . The conpound of any of the above Claims 14-22 
wherein Q 1 is 4-methoxyphenyl . 

24. The conpound of any of the above Claims 14-23 
wherein R 2 is (4-t-butylbenzoyl) amino, (4-methoxybenzoyl) - 
amino, [4- (4-pyridyl) benzoyl] amino or [1- (4-pyridyl) - 
piper idin-4-yl] me thoxycarbonyl amino . 

25. The compound of any of the above Claims 14-24 
wherein L^-Q 1 is -NH-CO-Q 1 . 

26. The compound of any of the above Claims 14-24 
wherein lA-Ql is -CO-NH-Q 1 . 

27. A pharmaceutical composition comprising a conpound 
of formula I, or prodrug or pharmaceutical^ acceptable salt 
thereof, as claimed in Claim 14 in association with a 
pharmaceutical^ acceptable carrier, excipient or diluent. 
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28. A process for preparing a novel compound of 
formula I (or a phannaceutically acceptable salt thereof) as 
provided in Claim 14 which is selected from 
5 (A) for a compound of formula I in which the linkage 

of R 2 to the ring terminates in -NH-CO-, -NR v -CO- or 
-NR V -CS-, acylating an amine of formula II , 




or a corresponding amine in which the nitrogen bears the 
group R v , using a corresponding acid which terminates with 
the group HO-CO- or HO-CS-, or an activated derivative 
thereof; 

15 (B) for a compound of formula I in which -lA-Q 1 is 

-NH-CO-Q 1 , acylating an amine of formula III 

20 using an acid of formula HO-CO-Q 1 , or an activated 
derivative thereof; 

(C) for a compound of formula I in which -L^-Q 1 is 
-CO-NH-Q 1 and R 2 is of the form -NH-CO-Q 2 , acylating an 
amine of formula H2N-Q 1 using a [l,3]oxazine of formula IV, 
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IV 



wherein Q 2 represents Q 2B , Q 2 ^ or q2D. 



(D) for a compound of formula I in which R 2 is 
« l 2A.q2A and D is carbonyl, diacylating a compound of 
formula II using an anhydride of formula V; 




10 



15 



20 



whereafter, for any of the above procedures, when a 
functional group is protected using a protecting group, 
removing the protecting group; 

whereafter, for any of the above procedures, when a 
pharmaceutically acceptable salt of a compound of formula I 
is required, it is obtained by reacting the basic form of a 
basic conpound of formula I with an acid affording a 
physiologically acceptable counterion or the acidic form of 
an acidic compound of formula I with a base affording a 
physiologically acceptable counterion or by any other 
conventional procedure; and 

wherein, unless otherwise specified, L 1 , Q 1 , R 2 , R m , 
R n , A 3 , A 4 , A 5 and A 6 have any of the values defined in 
Claim 14, 

29. The use of a factor Xa inhibiting compound of 
formula I substantially as hereinbefore described with 
reference to any of the Examples. 
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30. A novel compound of formula I substantially as 
hereinbefore described with reference to any of the 
Examples . 

31. A process for preparing a novel compound of 
formula I substantially as hereinbefore described with 
reference to any of the Examples. 
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